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1.0 EXECUTIVE SUMMARY 

This geotechnical investigation was performed to evaluate geotechnical aspects of the proposed 

Canyon Villas development at the Lawrence Welk Resort in Escondido, Califomia. Potential 

geologic hazards to the site such as rockfall, slope stability, liquefaction and seismicity can be readily 

addressed by standard grading and construction project design features. Additional evaluation of the 

site should be perfonned to provide geotechnical engineering recommendations for project design 

and construction as site development plans are finalized. 

The site will be developed by cut and fill grading to support two, two- and three-story buildings, and 

associated parking/drive, landscaping, and retaining wall improvements. The two, two- and three-

story buildings will have one level of underground parking/basement improvements and consists of 

transient habitation units. 

Based on our geotechnical evaluation, soils beneath the site consist of Undocumented Fills/Topsoil 

and Quaternary Alluvium/Colluvium overlying Cretaceous "Granitic"" bedrock. Groundwater was 

not observed at this site. However, during seasonal weather changes, areas of local saturation and 

seepage may be encountered. From a review of preliminary project plans, CTE does not anticipate 

that groundwater will affect the proposed development, provided surface drainage is maintained. 

Based on the geologic findings and reference review, no active surface faults are known to trend 

through or project toward the site. This geotechnical evaluation indicates proposed cut and fill 

slopes would be stable as planned. 
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This report should be considered in its entirety. This Executive Summary should not be considered a 

"stand alone"" source for project geotechnical considerations. 

2.0 INTRODUCTION AND SCOPE OF SERVICES 

2.1 Introduction 

Construction Testing and Engineering. Incorporated ("CTE'") has prepared this report for the 

proposed development at the Lawrence Welk Resort in Escondido. Califomia. Figure 1 is a map 

showing the general location of the site. 

2.2 Scope of Services 

The scope of services include: 
• Review of readily available geologic reports pertinent to the site and adjacent areas (Appendix A 

contains a list of cited references): 

• Assessment of the general geology and evaluation of potential geologic hazards at the site; 
• Performing a rockfall evaluafion; 
• Performing a rippability assessment using seismic refi-action equipment; 
• Slope stability evaluation; and, 
• Preparation of this report providing investigations performed, and conclusions and 

recommendations concerning geotechnical aspects of project development. 

3.0 BACKGROUND AND PROJECT DESCRIPTION 

3.1 Site Location and Description 

The site is located approximately VA miles east of Interstate Highway 15, at the northeast comer of 

the intersection of Champagne Boulevard and Welk View Drive in the Lawrence Welk Resort. San 

Diego County Assessor"s Parcel numbers for the site are 172-092-03, 172-092-11, 185-363-08, and 

185-363-20. These are identified as Lots 1 and 2 (Figure 2). 
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The site is an irregular-shaped parcel with sloping and irregular topography. The general site 

topography slopes down to the west, toward Champagne Drive. Site elevations range fi-om 

approximately 485 feet above mean sea level (msl) on the west side (Lot 1) to approximately 900 

feet msl at the east side (Lot 2). Appendix B includes a copy of the proposed preliminary grading 

plan showing the existing site topography. 

The Canyon Villas at the Welk Resort are cumulatively divided as Lot 1 and Lot 2. The west 

approximate one-third of Lot 1 consists of a open space as a fiowage easement fornorth flowing 

storm water. The central portion of Lot 1 includes a graded pad locally surfaced with asphalt and 

gravel for vehicle parking and maintenance equipment including construction trailers. The east 

approximate one-third of Lot 1 consists of a graded pad to support a single stor>' resort style office 

building and paved parking that is bounded on the east by a west facing graded slope rising to a 

natural slope. Lot 2 predominanfly consists of a natural west facing slope. The lower approximate 

one third of Lot 2 includes overgrown and degraded cut and fill pioneer roads, and remnants of a 

water reservoir system. 

Land near the site is used for of a mix of commercial and residential purposes. The south side of the 

site is bounded by Welk View Drive. Welk Resort properties, golf course, and associated 

improvements are located to the south of Welk View Drive. Land to the north ofthesiteisusedbya 

commercial winery business or is open-space. Land to the east of the site is designated as open-

space. Champagne Boulevard bounds the west margin of the site with undeveloped property and 
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Interstate 15 further to the west. Figure 2 is an aerial photograph showing the general site 

configuration. Figure 3 shows a generalized cross section of the site. 

3.2 Proposed Improvements 

CTE understands the proposed improvements include mass grading of two building pads on Lot 1 

and the subsequent construction of two, two- and three- story, transient habitation buildings 

(Buildings A and B) with underground parking. Additional improvements include construction of 

associated drive/parking and landscaping areas. A retaining wall is proposed at the southeast comer 

of the site. CTE also understands the existing building and other improvements will be demolished 

and/or removed. The west approximate one third of Lot 1 is a flowage easement and will remain as 

open space. Appendix B includes a copy of the proposed preliminary grading plan showing the 

proposed improvements and site layout. 

3.3 Field Investigations 

Field investigations at this site, performed in May and July 2003, September 2007 and Febmary 

2009, included site reconnaissance and observation of soils exposed at the surface, seismic refi-action 

surveys, subsurface exploration by backhoe. and observation of boulders exposed at the ground 

surface. Exposed soils were visually classified by a CTE geologist using the Unified Soil 

Classification System. Observations were performed in Lot 2 (open space) area to assess the 

potenfial for rockfall hazards. Additionally, four backhoe test pits and geophysical survey were 

placed at the east proposed cut on September 20, 2007. Appendix C contains photographs 

documenting site conditions. 

\\Esc_servcr\pvojectsU0-6001 to 10-7000 I'rojecis\l0-6349\rockfall response\Rpt_I-eas, Rckfl, Ripablty 6,10,09 accepted changes,doc 

file:////Esc_servcr/pvojectsU0-6001


Geotechnical Evaluation 
Proposed Canyon Villas at the Welk Resort 
Welk View Drive, Escondido, Califomia 
April 30. 2009 

Page 5 

CTE Job Nos. 10-6305 & 10-6349 

3.4 Previous Investigations 

Geotechnical investigations were performed in the site area by Vinje & Middleton Engineering, Inc. 

(VME). Subsurface explorafion and geotechnical reports were perfonned by VME (1999 a, b, c) 

prior to construction of Phase I, II, and III of the Villas on the Green project. Environmental impact 

studies were performed by RBF ConsuUing (2003) at the Welk Garden Villas project, located east of 

the subject site. Information from those was referenced for preparation of this report. 

3.5 Proiect Design Measures 

Project design measures are recommended with regard to potential rockfall hazard at the site. 

Methodology for identityang potential rock fall hazards are presented in Section 5.6. Project design 

measures are recommended in Section 5.7 of this report as pertaining to potential rockfall hazard. 

The recommended project design measures include restraining boulders in place, size reduction and 

shaping of spalled isolated and grouped boulders, constmction of a low cofferdam at the toe of 

selected boulders, shallow embedment of boulders, and/or mechanical/chemical fracturing of 

boulders with embedment of particles. Additionally, a top of cut slope low height steel rail/cable and 

post stmcture is recommended to restrain cobbles. The top of cut slope stmcture would be up to 

three feet high with approximately eight inches of ground clearance. 

4.0 GEOLOGY 

4.1 General Physiographic Setting 

The site lies within the northeastem inland area of San Diego County. Geomorphically, this area is 

recognized as fomiing the foothills of the Peninsular Ranges. Terrain locally consists of alluvial 

valleys between crystalline bedrock hills. 
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4.2 Geologic Conditions 

Based on our observations and previous investigations in the site area (VME, 1999a, b, c). site 

materials consist of Topsoil, Undocumented Fill. Quatemary Alluvium/Colluvium, and Cretaceous 

"granitic" bedrock. Figure 3 is a cross-section of anticipated geologic conditions at this site. Cross 

section location and surficial geology are shown on Figure 4. Attached Appendix D provides 

additional geologic data and presents revised geologic areas sections and map. 

4.2.1 Topsoil and Undocumented Fill 
Topsoil (not mapped) and Undocumented Fill soils were observed across the site. These 

materials consist dominantly of loose to dense, dry to moist, tan to brown, silly sand. 

4.2.2 Ouaternarv Alluvium/Colluvium 

Alluvium/Colluvium were observed at the east and west sides of the site, respectively. These 

materials generally consist of silty sand to gravelly sand. Similar conditions were observed 

by VME (1999a,b,c) during previous geotechnical investigations in the vicinity of the site. 

4.2.3 Weathered "Granitic" Rock 

Weathered "granitic" rock of the Peninsular Ranges Batholith was encountered in cut slopes 

and outcrops at the eastem half of the site. In addition, "granitic" rock was observed in 

subsurface investigations by VME (1999a,b,c) and was reported by RBF Consulting (2003) 

in the vicinity of the site. Numerous "granitic" boulders are located throughout the site and 

along the hillside of Lot 2. 

4.3 Groundwater Conditions 

Groundwater was not encountered during our observations at the site or during investigations by 

VME (1999a). Although groundwater levels may fluctuate, groundwater is not expected to affect the 
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proposed improvements if drainage is maintained. However, seasonally variable and local 

saturated/seepage conditions could affect constmefion during the wet seasons, especially near the 

west drainage easement. 

4.4 Geologic Hazards 

From CTE"s investigation it appears geologic hazards at the site are primarily limited to those caused 

by shaking from earthquake generated ground motion waves. The potential for damage from 

displacement or fault movement beneath the proposed stmctures is low. The sile is not within a 

State of California-designated Alquist-Priolo Special Studies Zone for earthquake faults. 

4.4.1 Local and Regional Faulting 

Based on site reconnaissance, evidence from subsurface explorations, and review of available 

geologic literature, it is the opinion of CTE the site is not underlain by or within the 

projection of known active fault traces. According to the Califomia Division of Mines and 

Geology, a fault isactiveifit displays evidence of acfivity in the last 11,000 years (Hart and 

Bryant, 1997). 

The Elsinore Fault Zone, approximately 12 miles to the east, is the closest known active fault 

(Jennings, 1987) to the site. Other principal active regional faults in the vicinity of the site 

include: the Rose Canyon, Coronado Banks, San Jacinto, Palos Verdes, San Andreas and 

Newport-Inglewood Faults. 
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4.4.2 Site Near Source Factors and Seismic Coefficients 

In accordance with the Califomia Building Code 2001 edition. Volume 2, Figure 16-2, the 

referenced site is located within seismic zone 4 and has a seismic zone factor of Z=0.4. TTie 

nearest known active fault in the Elsinore Fault Zone, is approximately 12 miles to the east 

and is considered a Type A seismic source. Based on the distance from the site to the 

Elsinore Fault Zone, near source factors of Nv^l .0 and Na=] .0 are appropriate. Based on the 

shallow subsurface explorations (VME, 1999a) and our knowledge of the area, the site has a 

soil profile type of So and seismic coefficients of Cv^0.40 and 0^=0.40. Seismic factors 

should be updated during the final design phase to take into account State of Califomia 

design values at the time of development. 

4.4.3 Tsunami and Seiche Damage 

The potential for tsunami damage at the site is negligible due to the site's elevation (greater 

than 100 feet above sea level) and distance from the ocean. Damage caused by oscillatory 

waves (seiche) is considered unlikely, as the site is not near substantial water bodies that 

could reasonably be expected to affect the site. 

4.4.4 Landslides or Rockslides 

A discussion of landslide and rockslide hazards is presented in Section 5 and Appendix D of 

this report. CTE anficipates the potenfial for landsliding to affect the site during its design 

life is low. Project design measures are recommended to reduce the potential for rock fall 

hazard. 
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4.4.5 Compressible and Expansive Soils 

Based on geologic observation of Topsoil, Undocumented Fill and Quatemary 

Alluvium/Colluvium, there is a potenfial site soils may be locally expansive and exhibit 

compressible characteristics. These materials are likely unsuitable for support of compacted 

fill and improvements in their present condition. Standard grading and design measures are 

recommended to address potential expansive and compressible on site soils. These typical 

design measures include overexcavafion and compaction of soil, and foundation 

reinforcement. 

4.4.6 Liquefacfion Evaluation And Seismic Settlement Evaluation 
Liquefaction occurs where saturated fine-grained sands or silts lose their physical strength 

during earthquake-induced shaking and behave as a liquid. This is due to loss of point-to-

point grain contact and transfer of normal stress to the pore water. Liquefaction potential 

varies with groundwater level, soil type, material gradation, relative density, and intensity 

and duration of ground shaking. Seismic settlement occurs where loose to medium dense 

granular soils densify during seismic events. 

The liquefaction and seismic settlement potential of the site is anficipated to be low due to 

the interpreted shallow depth to underlying very dense granitic materials. However, soft 

alluvial materials along the west side of the site may be subject to localized liquefacfion 

and/or seismic settlement depending upon depth to groundwater and physical characteristic 

of underlying soil deposits. Liquefaction of loose or soft surficial soils (Topsoil, 

Undocumented Fill and Alluvium/Colluvium) can be precluded by standard soil processing 
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and compacfion during site grading. However, deep sandy alluvial materials, if present 

below the groundwater surface along the westem side of the site, may be susceptible to 

liquefaction and/or seismic setflement. Liquefacfion potential in areas to support 

improvements can be reduced via standard construction techniques such as deep 

overexcavation and compaction. Therefore, in the opinion of CTE, the existence and effects 

liquefaction and/or seismic settlement are precluded by previously mentioned standard 

project design measures. 

5.0 SLOPE STABILITY EVALUATION 

5.1 Field Invesfigafions 

Slope stability field investigafions to evaluate potenfial landslide and rockfall hazards at this site, 

performed June 20 through June 26, 2003 and February 24, 2009, included site reconnaissance, 

mapping of soils and rock outcrops exposed at the surface, measurement of bedrock joint attitudes, 

and photographic documentation. Boulders were surveyed by Hale Engineering. Inc. and added to 

the topographic site map, including latitude and longitude location, as shown on Figure 5. Exposed 

soils were field classified by a CTE geologist using the Unified Soil Classification System. The field 

investigafion included an evaluafion of landslide and rockfall hazard potenfial on the approximate 

east one fourth portion of Lot 1 and Lot 2 as it ascends to its east ridgeline. 

5.2 Countv of San Diego Landslide and Rockfall Hazards 

5.2.1 Countv of San Diego Landslide Hazards 
Landslides have occurred in "granitic" bedrock areas in the County of San Diego. Landslides 

generally have one or more distinct failure surfaces (Rahn. 1996). In "granitic" bedrock. 
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these failure surfaces have generally developed along fault or fracture zones, or geologic 

contacts. Active rockslides were not observed during CTE"s recent invesfigations; however, 

conditions for potenfial active rockfall/rocksliding are present at the site. 

During CTE's investigafion, a possible landslide type failure was observed at the site. 

Additional evaluafion of the possible landslide hazard is provided in "Slope Stability 

Evaluafion" attached as Appendix D which indicates this feature is a product of differenfial 

erosion and uncontrolled grading, and is not indicative of slope failure. 

5.2.2 Countv of San Diego Rockfall Hazards 

Rockfalls have occurred on natural slopes in the County of San Diego granitic terrain, likely 

due to destabilizafion by erosion or seismically induced ground shaking. Rockfalls in the 

San Diego area historically have been associated with steep, man-made excavations triggered 

by an event such as a storm or other circumstance that introduced water to a slope or caused 

erosion and undercutfing of materials supporting a slope (SGC, 2002). Typically, rockfall 

events in "granitic"* cut slopes in eastem County of San Diego are promoted by adverse rock-

mass conditions where unstable rock blocks are dislodged from within or above graded cut 

slopes during heavy rainfall or seismic events (Hamelehle, 1991). 

5.3 Evaluation of Rockfall Hazard 

Investigations by RBF Consulting (2003) at the Welk Garden Villas site concluded that potential 

rockfall impacts are considered "less than significant."" Furthermore, invesfigafions by VME (1999, 

a.b.c) at adjacent sites did not conclude rockfall as a potential hazard. 
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Historical and recent aerial photographs of the site were reviewed for evidence of rockfalls. 

Photographs from 1953 (USDA. AXN-3m-164, -163). 1978 (210-22a-21), 1994, and 2003 were 

obser\'ed in 2003 at the USDA office in Escondido, Califomia. Figure 2 is a 1994 aerial photograph 

showing site conditions. Site photographs of typical boulders at the site are presented in Appendix C. 

Evidence of unvegetated terrain indicative of recent rockfall, rockslides, or landslides were not 

obsen'ed in the reviewed aerial photographs. CTE has not been provided historic verbal recounts of 

rockfalls at the site. 

5.4 Rockfall Characterisfics 

Natural rockfalls can be defined as events occurring on natural cliffs, not road or mine cuts, and 

occur without human intervention (Dussauge-Peisser. 2002). The word "rockfalls" is usually used to 

describe phenomena, from block fall of a few cubic yards (yd^) up to 10,000 yd^ events, and may 

include mobilization of individual boulders greater than one foot in maximum dimension. 

"Rockslides" often involve more than 100,000yd and "rock avalanches"' can reach several million 

cubic yards (Dussauge-Peisser, 2002). 

Rockfalls may be initiated by climatic or biological event that causes a change in the forces acfing on 

a rock. These events may include pore pressure increases due to rainfall infiltrafion, erosion of 

surrounding material during heavy rain stonns, freeze-thaw processes in cold climates, chemical 

degradation or weathering of the rock, root growth or leverage by roots moving in high winds (Hoek, 

2000). Addifionally, seismically induced loads can inifiate substanfial wide scale rockfalls in hillside 
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boulder terrain such as occurred in the San Bernardino Mountains and south adjacent Morongo Basin 

during the Landers and Big Bear earthquake events in 1992 and the 1999 Hector Mine earthquake 

that were mainly located in San Bernardino County. 

5.5 Site Rockfall Hazard Evaluation 

5.5.1 Rock-type 

The site is underiain by Cretaceous "granitic"' rocks of the southem Califomia batholith. The 

semi-arid climate of County of San Diego generally results in chemical and mechanical 

reduction of granitic rock along joints and fractures as surface exposures are subjected to 

seasonal rains and temperature fluctuations throughout the year. This surface weathering 

condition often generates "grus and corestone"" systems characterized as soil like granific 

rock material adjacent to joint fractures with relatively unweathered hard boulders within the 

interior portions of the joint-bound rock block (Hamelehle, 1990). 

"Granitic"' rock at the site qualitatively ranged from weak to extremely strong. The degree of 

weathering within granitic rock masses is a controlling factor for rockfall potential in cut 

slopes (Hamelehle, 1991). Rock exposed along the east cut slope of Lot 1 and in pioneer 

road cuts of Lot 2 displayed varying degrees of weathering from loose soil like to very dense, 

impenetrable boulder masses. Rock at the lower pofion of the Lot 2 slope was moderately to 

highly weathered. Test pit excavations in Lot 1 perfonned in January 2007 (see Appendix D) 

readily penetrated near surface soils but experienced increasing resistance to excavation with 
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refiisal at depths no greater than 10 feet. Boulder masses exposed at the ground surfaces were 

very dense and impenetrable by hand and backhoe means. 

5.5.2 Slope Gradient. Boulder Shape, and Slope Surface 
Slope rafio in the site area ranged from approximately 1:1 to 2:1 (horizontal: vertical). 

Topography on sloping areas of Lot 1 and Lot 2 varies from generally planar to hummocky 

due to pioneer road cuts. The slope surface is generally heavily vegetated with tall grass, 

bmsh and sparse trees, and is covered with residual soils or slopewash. 

Boulders located in the project area have a subangular to subrounded shape. The east portion 

of the property above proposed retaining walls, and slopes above Welk Drive show boulders 

that may be susceptible of rolling down slope. Boulders that may affect the site by 

downslope displacement are shown on Figure 5. 

5.5.3 Rock Outcrops 

Rock outcrops are primarily exposed in pioneer road cuts in Lot 2. These outcrops are 

generally weathered "granitic" bedrock. Joint sets in theses outcrops were mapped and 

measured. The resulting joint pattems have produced irregular, blocky-shaped outcrops. 

Joint sets in the exposed bedrock outcrops generally consisted of planar to wavy, VA inch 

aperture, soil- to quartz-filled, spaced from one inch to 24 inches. Based on our observations, 

there may be a potential for a block to detach from these outcrops. However, due to the 

blocky nature of the rock it is unlikely that the block would be capable of rolling down slope 

and impacting the proposed improvements. 
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5.6 Rockfall Hazard Evaluafion Methodology 

A search was perfonned to assess possible quantitative methods for evaluating the potential for 

destabilization of individual boulders, which is considered to represent the site rockfall hazard. CTE 

discussed quantitative methods for evaluafing individual boulder mobilization (rockfall) with Dr. 

Greg Stock, geologist evaluafing rock slides in Yosemite National Park, and members of the 

Colorado Department of Transportation, developers of the Colorado Rockfall Simulation Program 

(CRISP). However, these sources indicated they were unaware of mathematical models to simulate 

destabilization of individual boulders such as to be evaluated at the Canyon Villas project. 

Consequently, rockfall hazards at the site were evaluated through qualitative assessment of boulders 

exposed at the ground surface of sloping portions of Lot 1 and Lot 2. 

Qualitafive methods to identify boulders potentially subject to destabilization (rockfall) were 

generally associated with boulder shape and estimated depth of embedment. Boulders with a vertical 

exposed height greater than upslope horizontal dimension and/or estimated to be embedded into soil 

less than one-third of their estimated maximum vertical dimension were considered to be potentially 

susceptible to destabilizafion. Minimum dimension for destabilizafion was approximately one foot 

in areas that were not covered with dense vegetation. 

Based upon the qualitative parameters CTE located boulders and boulder groups for locafion survey 

by Hale Engineering. The latitude and longitude location of the located boulders considered 

susceptible to mobilization are shown on attached Figure 5, "Boulder Locafion Map."" In addifion to 
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individual boulders, the map shows boulder groups where boulders spalled into individual masses 

and "boulder trains." 

5.7 Rockfall Proiect Design Measures 

Rockfall project design measures are recommended in the following text to reduce potential rockfall 

hazards at the Canyon Villas project. Consequently, from a geotechnical perspective, rockfall 

hazards should not preclude site development, provided the following recommended design features 

are implemented. 

It is understood that access to upslope areas beyond the limit of grading is not available to 

mechanized equipment. Consequently, rockfall project design features to stabilize individual 

boulders and groups is considered to be by hand or aerial methods. Design measures as described 

below should be implemented prior to mass grading to minimize hazards associated with boulder 

destabilization effects on human health, property and the environment. 

Selection of design features is based upon the following criteria: 

• Hand or aerial placed methods to minimize site disturbance, 

• Pracficability of placement/implementation, 

• Overall longevity, 

• Resistance to erosion, and 

• Minimal maintenance. 
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These project design measures include the following numbered elements: 

1. Based upon a 15 degree from either side of fall line a boulder is not considered to 

impact the proposed development. 

2. Boulder removal by equipment during grading of Lot 1. 

3. Restraining cable(s) placed in drill holes to secure boulders in place. 

4. Cofferdams at the toe of individual boulders to increase effective embedment. 

5. Mechanical splitting by drill holes in combinafion with chemical expansion agents or 

"boulder buster"" (shot gun shell size explosive charge and water hammer effects in a 

hole drilled into a boulder). 

6. In place mechanical/pneumatic reduction and shaping of boulders to remain in place. 

7. Pit excavation and embedment of rock particles. 

8. A top of cut slope low (three feet or less) height debris fence consisting of steel 

rail/cable with post support to collect rock particles a foot or less in maximum 

dimension. 

Following Table 5.7 shows recommended project design measures to stabilize boulders from 

mobilization as rockfall. The design features are numbered in accordance with the preceding list, and 

referenced boulders are located on the attached Figure 5. 
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TABLE 5.7 

RECOMMENDED PROJECT DESIGN MEASURES PER BOULDER 

Boulder 

B-1 

B-2 

B-3 

B-4 

B-5 
B-6 

B-7 
B-8 
B-9 

B-10 
B-11 
B-12 
B-13 

B-14 
B-15 

B-16 

Notes 

Single substantial* large 
boulder with adjacent 
spalled boulders 
Single substantial large 
boulder with a few local 
spalled boulders 
Single substantial large 
boulder with a few local 
spalled boulders 
Single substantial large 
boulder with a few local 
spalled boulders 
Single Boulder 
Vicinity of former 
reservoir: single boulder 
to include boulder 
approx. 100" south. 
Also, remnant reservoir 
debris. 
Single Boulder 
Single Boulder 
Single substantial large 
boulder with a few local 
spalled boulders 
Single Boulder 
Single Boulder 
Single Boulder 
Single substantial 
boulder with numerous 
adjacent spalled 
boulders 
Single Boulder 
Boulder group 

Boulder group 

Project Design Measures (see numbered list on preceding 
page) 
3, 4, 5, 6,7: restrain boulder(s) in place, reduce and shape 
spalled boulders, construct cofferdam, embed particles as 
necessai-y. 
3, 4, 5, 6, 7: restrain large boulder(s) in place, reduce and 
shape spalled boulders, constmct cofferdam and embed 
particles as necessary. 
1: does not project toward the development 

1: does not project toward the development. 

2: within grading limits to be removed by equipment. 
4,5,6,7: reduce and shape particles, constmct cofferdam, 
embed particles as necessary. Remove remnant reservoir 
debris (wood, metal etc.). 

2: within grading limits to be removed by equipment. 
2: within grading limits to be removed by equipment. 
3, 4, 5, 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessary. 
2: within grading limits to be removed by equipment. 
2: within grading limits to be removed by equipment. 
2: within grading limits to be removed by equipment. 
3, 4, 5, 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessary. 

2: within grading limits to be removed by equipment 
3, 4, 5, 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessary. 
3, 4, 5, 6,7: restrain boulder(s) in place, reduce and shape 
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B-17 

B-18 

B-19 
B-20 
B-21 
(group) 

B-22 
(group) 

B-23 

B-24 

B-25 

B-26 

Single substantial 
boulder with a few local 
spalled boulders 
Boulder group 

Boulder group 
Single Boulder 
Substantial boulders and 
adjacent spalled 
boulders 
Boulder group 

Substanfial boulder 
group and adjacent 
spalled boulders: oak 
tree nearby 
Substantial boulder 
group and adjacent 
spalled boulders; 
Boulder group 

Boulder group 

particles, construct cofferdam, embed particles as 
necessar>'. 
3, 4, 5. 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessary. 
3, 4, 5, 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessarv. 
2: within grading limits to be removed by equipment. 
2: within grading limits to be removed by equipment. 
3, 4. 5, 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessap*'. 
3, 4. 5, 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessary. 
3, 4, 5, 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessary. Do not disturb oak tree. 

3, 4, 5, 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessary. Do no disturb oak tree. 
3. 4. 5, 6.7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessar>'. 
3, 4, 5, 6,7: restrain boulder(s) in place, reduce and shape 
particles, construct cofferdam, embed particles as 
necessary. 

*A boulder or boulder group was considered "substanfial" by qualitative means to indicate an 
obvious physical feature possibly, though not always, greater than 10 feet in maximum dimension. 

CTE recommends project design measures numbers 3, 4, 7 and 8 be constructed with at least as 50 

year design life to include epoxy coated restraining cables, commercial grade concrete in cofferdam 

and embedment areas. 
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It is anticipated the construction area where project design measures are recommended for 

implementation is as shown on Figure 5, and should be delineated by temporary barricade fencing 

during implementation. The design features presented in Section 5.7 should be further evaluated by 

CTE during the project constmction phase. 

6.0 RIPPABILITY EVALUATION 

6.1 Field Invesfigations 

Seismic refraction surveys were perfonned at the northeast limits of the subject site. Two generally 

east-west traverses were performed near the northeast limits of the site along the area of the 

preliminarily proposed cut slopes and retaining walls. The seismic refracfion surveys were 

performed to evaluate rippability of site materials based on the preliminarily proposed 

improvements. The approximate locations of the individual traverses (S-1 and S-2) are shown on 

Figure 4. 

6.2 Evaluafion of Site Rippability 

The purpose the rippability evaluation was to evaluate the potential for encountering very dense or 

hard bedrock that would be unrippable by standard heavy-duty construction equipment. The 

following summarizes our findings and provides infonnation on conditions that can be anticipated at 

the site. 

The seismic refraction surveys or mns (S-1 and S-2) indicate that two distinct materials are present 

beneath the site. The table below shows the resulting shear wave velocities from the two mns 

performed. 
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Seismic 
Traverse No. 

S-1 

S-2 

Approximate 
Velocity (ft/sec) 

Material 1 

2,050 

2.000 

Approximate 
Minimum Depth 

Beneath Surface (ft) 

- Upper Material 

0to30 

Oto 15 

Approximate 
Velocity 
(ft/sec) 

Material 2 -

7.150 

15.550 

Approximate 
Minimum Depth 

Beneath Surface (ft) 

Lower Material 

>30 

> 15 

Comments 

Unrippable At 
Depth 

Unrippable At 
Depth 

Appendix E contains infonnation for approximate correlation between the shear wave velocity and 

rippability by standard heavy-duty earthwork equipment. Based on our review of the shear wave 

velocities of onsite materials, and our experience, we anticipate lower material observed at the site 

(i.e., materials below depths of 15 to 30 feet below grade, depending on location) will not be rippable 

by standard equipment. As such, if these materials are to be excavated during site earthworks, 

altemative removal techniques (i.e., rock-breaking equipment, blasting, chemical splitfing, etc.) may 

be necessary. However, provided rock breaking and/or blasting is conducted in accordance with 

County of San Diego and/or other applicable ordinances, unrippable rock materials beneath the site 

would not adversely affect the proposed development. 

Further rippability evaluation is provided by geophysical data for the slope stability evaluafion 

(Appendix D). These data indicate irregular distribution of unrippable material with the approximate 

lower one half of the east proposed cut requiring very difficult excavation techniques. 
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Based on our review of the preliminary grading plans, we anficipate excavations required for the 

proposed cut slopes and retaining walls would require substantial removal of unrippable rock. 

Oversize rock would likely be generated by excavation in the hard rock area and special handling 

with disposal of oversize particles should be anticipated. However, it is our opinion that the 

unrippable rock material beneath the subject site would not preclude site development. 

6.3 Addifional Considerations 

The findings of the slope stability evaluation (Appendix D) provides additional informafion for 

development consideration including oversize rock disposal and upslope reservoir system as 

discussed in the following. 

Heavy ripping and rock splitting techniques will likely generate oversize irreducible particles. These 

materials may be cmshed. used for ornamental slope or otherwise properly handled. 

Remains of an upslope above ground reservoir system and piping are east of the proposed east most 

cut slope. The reservoir system remnants and piping should be removed as shown on Table 5.7, 

Boulder B-6 note to reduce potential uncontrolled water flow over proposed slope. 

These addifional issues do not preclude development as the site and are readily reduced by standard 

constmction techniques. 
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7.0 CONCLUSIONS 

CTE concludes that the proposed project can be developed from a geotechnical standpoint. Potential 

geologic hazards such as rockfall. liquefaction and seismicity are readily addressed by standard 

grading and construction project design measures. Additional subsurface invesfigation is 

recommended to evaluate site conditions and subgrade materials, and provide geotechnical 

engineering recommendations for project design and constmction. 

8.0 LIMITATIONS OF INVESTIGATION 

The recommendations provided in this report are based on the anticipated constmction, encountered 

subsurface conditions, and review of pertinent documents available to CTE. This report has been 

prepared according to current geotechnical engineering practice and standard of care exercised by 

reputable geotechnical consultants performing similar tasks in this area. No other warranty, 

expressed or implied, is made regarding the conclusions, recommendations and opinions expressed 

in this report. Variafions may exist and condifions not observed or described in this report may be 

encountered during constmction. 

Our conclusions and recommendations are based on an analysis of the observed conditions. If 

conditions different from those described in this report are encountered, our office should be notified 

and additional recommendafions, if required, will be provided upon request. We appreciate this 

opportunity to be of sewice on this project. If you have any quesfions regarding this report, please 

do not hesitate to contact the undersigned. 
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Respectfully submitted, 
CONSTRUCTION TESTING & ENGINEERING, INC. 

G^;^fe0^/. Rzonca, CEG #1191 
•ngineering Geologist 

Distribution: (6) 

GFR/DTM:nri 

DanT. Math. GE #2665 
Principal Engineer 
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Photo #1: Typical boulder shape above Welk Drive area. 

Photo #2: Typical boulder shape above proposed Canyon 
Villas site. 
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Photo #3: Typical boulder shape above proposed 
Canyon Villas site. Existing Villas on the Green 

development is in the background. 

Photo #4: Fractured boulder LOT 5. Survey 
stake is approximately three feet long. 
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Photo #5: Slope above proposed Canyon Villa site. 

Photo #6: Typical boulders shapes above proposed Canyon 
Villas site. Lot 5 area. 
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Oclobei 15, 2007 CTE Job No. ] 0-6349G 

Welk Resori Center 
Attn: Jefl&ey Edwards 
100 East San Marcos Blvd. Suite J 00 
San Marcos, CA 92069 
Telephone: 760.481.7771 Facsimile: 760.481.7770 

Subject: Slope Stability Evaluation 
Welk Resort Canyon Villas 
TM 5313; R03-O04; S02-029; ER 79-08-099A 
County of San Diego, Califomia 

References: Al End of Document 

Mr. Edwards: 

Construction Testing and Engineering, Inc. (CTE) is pleased to provide this slope 
stability evaluation in response lo a request by the County of San Diego. This document 
follows your authorization of the CTE proposal entitled Proposal for Additional Slope 
Stability Evaluation, CTE Pr. No.: G-1462A, dated Febmary 27, 2007. The purpose of 
this document is to evaluate stability of the west facing cut slope on the east margin of 
the site proposed. The proposed cut is planned at a 1.5:1 (horizontal to vertical) surface 
ratio and extending to a height of 50 feet with a 15 feet high wall at the bottom of the 
south one-third of the slope. 

The scope of our addendum investigation and evaluation includes the following; 

• Review of the CTE documents entitled Evaluation of Potential Rockfall Hazards 
and Geotechnical Feasibility Study, dated July 9, 2003 aî d August 12, 2003, 
respectively. 

t Review the Preliminary Grading Plan, revision 4 dated 8/17/07, scale r = 3 0 \ 
and prepared by Hale Engineering. 

G E O U C H N I C M I E S V I f t O N M E N U l | C O N S T R U C l ION I N S P E C H D N AND TESTING I CIVIL E N E I N E E R I N G I SURVEYING 
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• Review of pertinent readily available infonnation as presented in Appendix 1 of 
this document. 
Additional reconnaissance level field mapping of the area on fool. 
Placing three seismic refraction and a high resolution Sting geophysical transects 
on the subject slope and suspect landslide area. The seismic work was perfonned 
by Southwest Geophysics, Inc. who are specialists in performing geophysical 
surveys. 

• Placing four backhoe test pits in selected areas for the purposes of: ground truth 
verification of the geophysical transects; expose soil and bedrock for descriptions; 
and, soil sample collection for laboratory testing. 

• Laboratory testing of collected samples to evaluate maximum dry density, 
optimum moisture content, and shear strength. 

'- Preparation of an engineering geologic cross section to allow quantitative slope 
stability analyses. 

*• Performing slope stability analyses utilizing the slope stability program 
GeoStudio 2004, Slope W, by Geo-Slopc International, which for the purpose of 
this response, iteralively considered multiple hypothetical slip surfaces and failure 
modes in order to calculate the slope stability factors-of-safety. 

f Preparation of this written response lo comments letter. 

Following is a presentation of the Addendum Field Investigation, Laboratory Testing. 
Geotechnical Analyses, Conclusions and Recommendations, and Limitations. 

1.0 ADDENDUM FIELD INVESTIGATION 

The addendum field investigation consisted of initial level geologic reconnaissance 
mapping to assess current site conditions. The reconnaissance mapping was followed by 
geophysical work that was performed on September 12 and 13, 2007. Initial results of 
the geophysical work were evaluated and four backhoe test pits placed on September 20, 
2007 to allow ground truth verification of the geophysical work. Two of the fo\ir 
backhoe explorations were placed in the area of an suspected landslide identified by our 
August 12, 2003 report. 

The test pit logs and Southwest Geophysics, Inc. (Southwest) geophysical survey report 
are attached as Appendix 2 and Appendix 3, respectively. The geophysical survey 
included three seismic refraction lines and one Sting line. Information regarding 
methodology and procedures utilized in the geophysical survey are provided in the 
attached Southwest report. 
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2.0 LABORATORY TESTING 

Bulk samples of typical granodiorite bedrock were collected from Test Pit TP-2 at a 
depth of two to four feet beloM' the existing surface. The samples were tested in the CTE 
geotechnical laboratory to ascertain strength parameters for use in slope stability 
calculations/evaluations. 

The maximum dry density and optimum moisture content (resulting from ASTM D 1557 
test procedure Method A) were utilized lo remold the collected bulk sample to 90 percent 
of the maximum dry density at a moisture content slightly above optimum. The 
remolded sample was submitted to a direct shear test by ASTM D 3080-04 test 
procedure. The laboratory test results are shown on Appendix 4. 

The resulting direct shear values of phi = 34.0 degrees with 275 pounds per square foot 
(psf) of apparent cohesion were obtained via the laboratory testing of the remolded 
sample. However, the following more conservative values were utilized in the slope 
stability calculations: 

c Kgu (Weathered): Phi = 34 degrees, Apparent Cohesion, C = 250 psf 
r *Kgu (Unweathered): Phi - 37 degrees. Apparent Cohesion, C = 350 psf 

*lntact unweathered material strengths have been conservatively estimated/assumed to be 
equal to weathered strength for phi and C, and were increased by approximately 10% and 
40%, respectively, due to their very dense nature as indicated by geophysical data. 
Additionally, based on geophysical survey information, significantly higher material 
strengths appear available, bul were conservatively not utilized. 

3.0 GEOTECHNICAL ANALYSES 

These analyses consider gross natural slope stability and stability of the planned 
approximately 50 feet high 1.5:1 (horizontal to vertical) west facing cut slope on the east 
margin of the site. Based upon the scope of this slope stability evaluation, the natural 
slope is grossly stable against a deep-seated failure, and the proposed cut slope is 
calculated to have an adequate factor-of-safety for gross stability in excess of 1.5. The 
results of our additional work indicate at least the bottom approximate one-half of the 
subject cut will be very difficull to excavate. The analyses are presented as follows. 

Gross Natural Slope Stabib'tii': Gross stability of the slope in its existing natural 
configuration was evaluated by geophysical and test pit exploration methods. The 
explorations were placed to consider a possible landslide, and evaluate the deep existing 
stability of the remaining hillside. Based upon field and laboratory results conducted for 
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this slope stability evaluation the subject slope is considered grossly stable in its present 
and proposed conditions. 

A possible landslide was postulated due to hummocky topography and a free face 
exposure of bedrock. The possible landslide feature was considered as uncertain and to 
be evaluated during grading. However, additional work perfomted for this slope stability 
evaluation indicates the suspected landslide feature is actually the result of a contact zone 
between bedrock foimalion units in combination with previous imdocumented and 
uncontrolled grading to produce cuts and fills. Test Pits TP-1 and TP-4, located in the 
suspected landslide area, exposed a contact zone between Undifferentiated Granodiorite 
and the San Marcos Gabbro which developed local hard boulder outcrop zones and 
subdued surface expression of softer matrix material. Weathering of the combined harder 
and softer zones resulted in irregular topography, recognized as "hummocky," a possible 
indication of landsliding. Additionally, previous uncontrolled grading to produce 
"pioneer" roads, possibly to a vrater reservoir and associated piping upslope of the 
planned cut, generated free face exposures of bedrock, and fill soil mounds and berms. 
The free face exposure was considered as a possible landslide scarp, but as this report 
indicates, is actually the product of uncontrolled grading. Additionally, interpretation of 
the seismic refraction Sl-1 (see Appendix 3 for geophysical report) depicts approximately 
three to four feet of low velocity soil (interpreted to be slopewash) over relatively 
uniform hard bedrock in the area of the suspected landslide. It is expected that a chaotic 
landslide mixture of bedrock would produce a deep geometrically defined low velocity 
geophysical signature comparative to results gathered for this slope stability evaluation. 

Stability of natural slopes was evaluated by test pit exposures, and seismic refraction and 
Sting geophysical techniques. The results of the test pit exposures indicate that the site 
granitic bedrock becomes less weathered and increasingly dense with the depth explored 
(approximately eight feet). These results are supported by the geophysical work, which 
indicates a progressively increasing velocity (harder rock) to the maximum depth 
evaluated of approximately 50 lo 60 feet below the ground surface. Only seismic 
refraction line SL-1 indicated a relatively uniform, albeit high velocity, density bedrock 
with depth, and may be the result of the line being underlain by San Marcos Gabbro, 
which tends to weather more uniformly with depth comparative to the Undifferentiated 
Granodiorite. Geophysical Sting technology utilizes closely spaced sensors to assess 
potential moisture anomalies that could be the result of wet clays or water bearing zones 
which at this site would be associated with geometrically defined geologic asperities such 
as landslides, faults or significant joint systems. The Sting line STL-1 results indicate 
non-geometric conditions, possibly showing near surface local hard rock masses in a 
bedrock matrix. However, a linear anomaly (shown by the Sting transet at about station 
200 near the surface contact of Undifferentiated Granodiorite and San Marcos Gabbro) is 
interpreted in Cross Section A-A' to represent the subsurface contact of the two 
formational units. The Sting results indicate a general increase in uniformity with depth, 
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suggesting decreased weathering in deeper bedrock areas. The results of our work 
indicate that the natural slopes are grossly stable. 

Cut Slope Sftbiljty: 
Gross stability of the proposed approximately 50-foot high 1.5:1 ratio west facing cut 
slope ascending from the east margin of the site was calculated by use of the 
commercially available stability program GeoStudio 2004, Slope W, by Geo-Slope 
International, The calculations/results/outpul are provided in Appendix 5. The 
calculations indicate the slope is grossly stable in the proposed configuration. 

The slope stability calculations utilized an iterative combination of trial arcs to develop 
the most critical hypothetical failure surface, which yielded a minimum safety factor of 
].5A for static conditions and 1.J3 for pseudo static loads (using a simple seismic 
horizontal coefficient of 0.15), The strengtli values utilized were from a remolded bulk 
sample of typical granitic bedrock. The use of remolded samples to approximate bedrock 
strength is very conservative as interlocked high strength crystalline fabric of in situ 
bedrock is disintegrated in order to remold the specimen. The remolded shear strength is 
considered representative of seismic velocities on the order of 4,000 feet and fewer feet 
per second (fps) which is the velocity at which the sample was collected. Consequently, 
deeper stability calculations which yielded seismic refraction velocities greater than 
4,000 feet per second (fps), indicating increased density and strength, utilized 
appropriately higher, yet still conservative, strength parameters. 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

Work performed for this response to comments indicates the subject cut slope can be 
developed as planned, provided the recommendations of this response and pertinent CTE 
reports are followed. Following are conclusions and recommendations for the subject 
slope. 

The natural slope is considered to be grossly stable and geotechnical engineering 
calculations indicate an adequate safety factor for deep stability of the proposed cut. The 
cut can be constructed as plarmed, provided the upper eight to ten feet of the cut is graded 
lo a maximum 2:1 surface ratio in order to layback the uppei weathered or slopewash 
materials. 

The possible presence of a landslide in the area of the proposed subject cut was suggested 
based upon irregular topography. However, work perfonned and summarized herein 
indicates differential weathering of dissimilar rocks in combination with cut and fill of 
previous uncontiollcd grading produced features suggesting a possible landslide. 
Consequently, this feature is not considered to be present, and does not provide a 
geotechnical issue to the planned cut slope. 

\VEsc ser\'ei'-pToiccis\lli-600) lo 10-7000 Ptoiccts\!0-6349\Ltr^Rspn!i in County Commp mod 2.doc 
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Review of geophysical data conducted for this slope stability evaluation indicates that 
very difficult excavation will be encountered in at least the bottom one-half of the 
proposed cut. Blasting, rock splitting, heavy excavation will likely be necessary to 
accomplish the proposed subject cut. Special handling of ovei size rock resulting from 
excavation to produce desired grades will also likely be necessary. 

The remains of an apparently above ground, watei reser\'oir system were observed on 
portions of the subject cut area Piping possibly associated with the former reservoir 
system should be removed to minimize the affects of uncontrolled water fiow and 
discharge on the slope. 

We appreciate this opportunity to be of service on this project. If you have any questions 
regarding this report, please do not hesitate to contact the undersigned. 

Respectfully Submitted, 

CONSXRW^^^^H^9NJ'ESTrNG & ENGINEERING. INC. 

. i " 

Dan T. Math, GE# 2665 
Principal Engineer 

GFR/DTM:nn 
Dist: 6 Addressee 
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Figure A 
Figure B 

Appendix 1 
Appendix 2 
Appendix 3 
Appendix 4 
Appendix 5 
Appendix 6 

Exploration Location and Geologic Map 
Cross Section A-A' 

Cited References 
Exploration Logs 
Geophysical Report 
Laboratory Test Results 
Slope Stability Analyses 
Glossary of Terms 
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DEFINITION OF TERMS 
PRIMARY DIVISIONS SYMBOLS 

JMGWjg 
SECONDARY DIVISIONS 

2fe 

i>] 

w tn 

GRAVELS 
MORE THAN 

HALF OF 
COARSE 

FRACTION IS 
LARGER THAN 

NO. 4 SIEVE 

SANDS 
MORETHAN 

HALF:', 
COARSE 

FRACTION IS 
SMAIXERTHAN 

NO. 4 SIEVE 

CLEAN 
GRAVELS 

< 5% FINES ^£1 GP -M 

WELL GRADED GRAVELS. GRAVEL-SAND MIXTURES 
L r m ^ OR NO FINES 

GRAVEl^ 
WrrH FINF^ 

POORLY GRADED GRAVEI5 OR GRAVEL SAND KffXTURES, 
U r r L E OF NO FINES 

CLEAN 
SANDS 

* 5% FINES 

^:IAw>|-| 

SANDS 
WITH FINES 

StLTY GRAVELS, GRAVEL-SAND-SILT MD(TUR£S, 
N O N - P U S n C FINES 

CUYEY GRAVEl^, GRAVEL-SAND-CUY MIXTURES, 
PLASTIC FINES 

WELL GRADED SANDS. GRAVEaY SANDS, UTTLE OR NO 
FINES 

:;;:;:; SP m 
POORLY GRADED SANDS. GRAVBLLY SANDS, LJITLE OR 

NO FINES 
SILTY SAND.S, SAN))-SILT N^XTlJRKS, NON-PLASTIC PINES 

C I A Y E Y SANDS, SAND-CIAY MIXTURES. PLASTIC FINES 

'So 
O u, 
tn H 

S i 

P 

SILTS ANn CLAYS 
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LESS THAN 50 

INORGANIC SILTS, VERY FINE SANDS, ROCK FLOUR, SILTY 
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ORGANIC SILTS AND ORGANIC CLAYS OF LOW PLASTICTTY 
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GREATER THAN 50 ^m 
INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS FENE 

SANDY OR SILTY SOILS, ELASTIC SILTS 
INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS 

HIGHLV ORGANIC SOILS 

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTlCFTY, 
ORGANIC SILTY CLAYS 

PEAT AND OTHER HIGHLY ORGANIC SOILS 

GRAIN SIZES 
BOULDERS COBBLES GRAVEL 

COARSE FINE 
SAND 

COARSE MEDIUM FINE 
SILTS AND CLAYS 

12" 3" 3M" 
CLEAR SQUARE SIEVE OPENING 

lO 40 200 
U.S. STANDARD SIEVE SIZE 

ADDITIONAL TESTS 
(OTHER THAN TEST PIT AND BORING LOG COLUMN HEADINGS) 

MAX- Maximum Dry Density 
GS- Grain Size Distribution 
SE- Sand Equivalent 
EI- Expansion Index 
CHM- Sulfate and Chloride 

Content, pH, Resistivity 
COR - Corrosivity 
SD- Sample Disturbed 

PM- Permeability 
SG- Specific Gravity 
HA- Hydrometer Analysis 
AL- Altcrberg Limits 
RV- R-VB1UC 

CN- Consolidation 
CP-Collapse Potential 
HC- Hydrocollapse 
REM- Remolded 

PP- Pocket Penetrometer 
WA- Wash Analysis 
DS- Direct Shear 
UC- Unconfined Compression 
MD- Moisture/Density 
M- Moisture 
SC- Swell Compression 
01- Organic Impurities 
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DESCRIPTION 

Block or Chunk Sample 

Bulk Sample 

Standard Penetration Test 

Modified Split-Barrel Drive Sampler fCal Sampler) 

Thin Walied Armv Corp. of Eneineers Sample 

Groundwater Table 

Soil Type or Classification Change 

? ? 

V 
? 7 ? -

Formation Change ffApproximale boundaries queried (?)1 

Quotes are placed around classifications where the soils 
exist in silu as bedrock 

Laboraloiy Tests 
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jPROJECT: WELK RESORT CANYON VILLAS 
[CTEJOBNO: 10-6349G 

ILOGGED BY: GFR 

EXCAVATOR: 

EXCAVATION METHOD: 

SAMPLING METHOD: 

S 
o 
2 

E 

U 

JD555 TKACK MOUNTED BACKHOE 
24" BUCKET 

BULK 

o 

EXCAVATION DATE: 9/20,'^007 
ELEVATION: 

TEST PIT LOG: TP-1 

DESCRIPTION 

Laboratoiy Tests 

SM SL0PEWA5H: 
Loose, dry, brown, silty fine to medium SAND, numerous roots, 

SM 

UNDIFFERENTIATED GRANODIORITE: 
Dense, dry, red brown, fine to medium grained crystalline rock. Excavates as silty fine to coarse SAND. 
Very dense difficult to excavate at 7 feet. 

- 5 -

-16-

No Caving 
Refusal at 7' 
No Groundwater 
BackfillGd 9/20/07 

-15-
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PRO/RCT: WELK RESORT CAN'YON VILLAS 
CTEJOBNO. 10-6349G 
LOGGED BY: GFR 

EXCAVATOR: JDS55 TRACK MOUNTED BACKHOE 
EXCAVATION METHOD; 24" BUCKET 
SAMPLING METHOD: BULK 

EXCAVATION DATE: 
ELEVATION: 

9/20/2007 

CO 

O 

b o & 

TEST PIT LOG: TP-2 

DESCRTPTTON 

Laboratory Tests 

SM 
UKPOCUMENTED FILL: 
Loose, dry, light brovm. silty fine to medium SAND. 

UNDIFFERENTUTED GRANODIORITE: 
Dense, dry, red brown, medium to coarse, crystalline rock, very weathered. Excavates as silty fine to coarse 
SAND. 

MAX. DS 

- 5 -

SM Very dense, dry, brown, fine to medium grained. Very difficult to excavate at 10 feet 

-IB-
No Caving 
Refusal at 10" 
No Groundwater 
Backfilled 9/20/C7 

-15-
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jPRO:rECT: WELK RESORT CANYON VILLAS 
JCTEJOBNO: 10-6349G 
LOGGED BY: GFR 

cr 

EXCAVATOR: JD555 TRACK MOUNTED BACKHOE 
EXCAVATION METHOD: 24" BUCKET 
SAMPLING METHOD: BULK 

EXCAVATION DATE: 
ELEVATION: 

9/20/2007 

E 

d 

no 
O 

Q CO 

TEST PIT LOG: TP-3 

DESCRIPTION 

Laboratory Tests 

SM 

SM 

- 5 -

-Ifr 

-15-

SLOFEWASH: 
Loose, dry, brown, silty fine to medium SAND, numerous roots. 

SAN MARCOS GABBRO: 
Dense, dry, gray to dark white, fine to medium crystalline rock, weathered. Excavates as silty fine to 
medium SAND. 

Very dense. Very difficult to excavate at 8 feet. 

No Caving 
Refusal ar 3' 
No Groundwater 
Backfilled 9/20/07 

:^:..~: tmrn^i'^iM^: 



CONSTRUCTION TESTING & ENGINEERING. INC. 
C E ? I ! ( ; - M I » I I Co-ftrsurnori CNHI' IUBII IE ' m i N B <«D i H i f t J i e v 
MM UKI'iit SCO font l i t I -TcgllDIDII Cl tJlH T 7ll.)lt.UII 

]PROJECT WELK RESORT CANYON VILLAS 
CTE JOB NO: 10-6349G 

ILOGGED BY: GFR 

c-
E 

CO 

O 

EXCAVATOR: 

EXCAVATION METHOD: 

SAMPLING METHOD: 

JD555 TRACK MOUNTED BACKHOE 
24" BUCKET 
BULK 

EXCAVATION DATE: 

ELEVATION: 

9/20/2007 

03 Q 

TEST PIT LOG: TP-4 

DESCRIPTION 

SM 

SM 

- 5 -

- 1 ^ 

-iS-

SLOFEWASH: 
Loose, dry, brown, silty fine to medium SAND. 

UNDIFFERENTUTED GRANODIORITE AND SAN MARCOS GABBRO: 
Dense, dry, red brown, fine to medium crystalline rock. Excavates as silty fine to medium SAND. Contains 
inclusions up to 4 feet in maximum exposed dimension of San Marcos Gabbro. Very dense, difficult to 
excavate at S feet. 

No Caving 
Refusal at 8' 
No Groundwater 
Backfilled 9/20/07 
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GEOPHYSICAL SURVEY 
PROPOSED RESIDENTIAL DEVELOPMENT 

ESCONDIDO, CALIFORNIA 

PREPARED FOR: 
CoDstruction Testing & Engineering, Inc. 

1441 Montiel Road, Suite 115 
Escondido, Califomia 92026 

PREPARED BY: 
Southwest Geophysics, Inc. 

7438 Trade Street 
San Diego, California 92121 

September 28, 2007 
Project No. 107198 
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September 28, 2007 
Project No. 107198 

Mr. Greg Rzonca 
Construction Testing & Engineering, Inc. 
1441 Montiel Road, Suite 115 
Escondido, California 92026 

Subject: Geophysical Survey 
Proposed Residential Development 
Escondido, Califomia 

Dear Mr. Rzonca: 

In accordance with your authorization, we have performed geophysical survey services for the 
proposed residential development to be located just north of Welk View Drive, in Escondido, 
California. Specifically, our survey consisted of performing three seismic refraction lines and 
one Sting resistivity line at the subject site, The purpose of our study was to develop a subsurface 
profile of the areas surveyed, and to assess the apparent rippability of near surface materials. 
This data report presents our survey methodology, equipment used, analysis, and results. 

We appreciate the opportunity to be of service on this project. Should you have any questions 
related to this report, please contact the undersigned at your convenience. 

Sincerely, 
SOUTHWEST GEOPHYSICS, INC. 

^ M ^ C i ' ^ - ' ^ ' V i * * — — -

Patrick Lchmiami, P.G., R.Gp. 
Principal Geologist/Geophysicist 

PFL/HV/hv 

Distribution: Addressee (electronic) 

W ^ i/u^ J^ ^^^i 

Hans van de Vrugt, C.E.G., R.Gp. 
Principal Geologist/Geophysicist 

7438 Trade Street • San Diego • California 92121 • Telephone 858-527-0849 • Fax 858-527-0851 
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L INTRODUCTION 

In accordance with your authorization, we have perfomicd geophysical survey services for the 

proposed residential development to be located just north of Welk View Drive, in Escondido, 

Califomia (Figure 1). Specifically, our survey consisted of performing three seismic reft'action 

lines and one Sting resistivity line at the subject site (Figure 2). The purpose of our study was to 

develop a subsurface profile of the areas surveyed, and to assess the apparent rippability of near 

surface materials. This data report presents the suî vey methodology, equipment used, analysis, 

and findings. 

2. SCOPE OF SERVICES 

Our scope of services included: 

Review of a site plan provided by your office. 

Perfomiancc of three seismic refraction profiles. 

Perfomiance of one high resolution resistivity (Sting) traverse. 

Compilation and geophysical analysis of the data collected. 

Preparation of this data report presenting our findings and conclusions. 

3. SITE AND PROJECT DESCRIPTION 

In general, the study area included undeveloped land consisting of steep to moderately steep 

slopes (Figures 1 and 2). Vegetation in this area generally consists of sage brush, annual grass, 

and small trees. Figure 3 provides a general view of the site conditions along the seismic refrac

tion and Sting lines. 

Based on our discussions with you, we understand that the study area is under consideration for 

grading and constmction of new condominiums and associated roadways. Cuts up to 60 feet 

deep in the study area are proposed. 
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4. SURVEY METHODOLOGY 

In order to characterize the subsurface materials, seismic refraction and Sting profiles were con

ducted in slope areas pre-selected by your office. Figure 2 illustrates the general location of the 

profiles. Prior lo conducting the profiles a relatively small area along the survey line was 

"bmshed" in order to facilitate the installation of electrodes and sensors. The following sections 

provide an overview of the seismic refraction and Sting methods used for the study. 

4.1. Seismic Refraction Survey 
Seismic P-wavc (compression wave) refraction traverses were conducted at the site to 
evaluate the depth to bedrock and apparent rippability characlcristics of the subsurface mate
rials, and lo develop a subsurface velocity profile of Ihe areas surveyed. The seismic 
refraction method uses first-arrival times of refracted seismic waves to characterize the ve
locity stmcture of the subsurface materials. Seismic P-wavcs were generated at the surface 
using a hammer and plate. The refracted seismic waves were then detected by a series of 
surface vertical component gcophones, and recorded with a 24-channel Geometries Strata-
View seismograph. The travel limes of the seismic P-waves were used in conjunction with 
the shol-to-gcophone distances to obtain thickness and velocity infomiation on the subsur
face materials. Three seismic lines/profiles were conducted at the site (SL-1 through SL-3). 
The locations of the lines arc depicted on Figure 2, Shot points were conducted al each end 
of the line and between geophones 6 and 7, 12 and 13, and 18 and 19. The profiles were 240 
feel long. Processing of the data was performed using SlPwin V2.76. 

The refraction method requires that subsurface velocities increase with depth. A layer hav
ing a velocity lower than that of the layer above will not be detectable by the seismic 
refraction method and, therefore, could lead to errors in the depth calculations of subsequent 
layers. In addition, lateral variafions in velocity, such as those caused by core stones, can 
also resuh in the misinterpretation of the subsurface conditions. 

In general, seismic wave velocities can be correlated to material density and/or rock hard
ness. The relationship between rippability and seismic velocity is empirical and assumes a 
homogenous mass. Localized areas of differing composition, texture, and/or structure may 
affect both the measured data and the actual rippability of the mass. The rippability of a 
mass is also dependenl on the excavation equipment used and the skill and experience of the 
equipment operator. 

The rippability values presented in Table 1 are based on our experience with similar materi
als and assumes that a Caterpillar D-9 dozer ripping with a single shank is used. We 
emphasize that the cutoffs in this classification scheme are approximate and that rock char
acteristics, such as fracture spacing and orientation, play a significant role in determining 
rock rippability. These characteristics may also vary with location and depth. 
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For trenching opcrafions, Ihe rippability values should be scaled downward. For example, 
velocities as low as 3,500 feet/second may indicate difficult ripping during trenching opera
tions. In addition, the presence of boulders, which can be troublesome in a narrow trench, 
should be anlicipaled. 

Table 1 -
Seismic P-wavc Velocitv 

0 10 2.000 feet/second 
2.0U() to 4.000 Icet/second 
4.000 tu 5.500 feet/second 
5.500 to 7.000 leei/second 

Greater than 7,000 feet/second 

Rippability Classification 
Rippability 

Easy 
Moderate 

DifJlcult, Possible Local Blasting' 
Very Difficult. Probable Local lo General Blasting 

Blasting Generally Required 

It should be noted that Ihe rippability cutoffs presented in Table 1 are slightly more conser
vative than those published in the Cateipillar Perfomiance Handbook (Caterpillar, 2004). 
Accordingly, the above classification scheme should be used with discretion, and contractors 
should not be relieved of making their own independent evaluation of the rippability of the 
on-site materials prior lo submiuing their bids. 

4.2. Sting Resistivity Survey 
As previously discussed, a high resolution resistivity suivey was also conducted al the sile to 
evaluate the subsurface geologic conditions. The resistivity data were collected with an AGl 
Super Sting R8 resistivity meter. As depicted on Figure 2, the resisfivity survey was con
ducted near the central portion of the site along seismic line SL-2. 

The resisfivity line (STL-1) consisted of 56 electrodes, with an electrode spacing of ap
proximately 5 feet. The spread extended roughly 275 feet across the site. The electrodes 
were driven roughly 8 inches in to the bottom of potholes, which were excavated 6 to 12 
inches deep. The area around the electrode was then moistened with salt water in order to 
improve connectivity. The data was collected using the Dipole-Dipolc configurafion. The 
data set was processed using a two-dimensional resistivity modeling algorithm. The results 
were then integrated into a color resistivity model section. 

5. RESULTS 

Table 2 lists the approximate P-wavc velocities and depths calculated from the seismic refraction 

traverses conducted during the evaluation. The approximate locations of the seismic refraction 

traverses are shown on the Line Location Map (Figure 2), The layer velocity profiles are in

cluded in Figures 4a through 4c. It should also be noted that, as a general mle, the effective depth 

of evaluafion for a seismic refraction traverse is approximately one-third to one-fifth the length 



Proposed Residential Development 
Escondido, Califomia 

September 28, 2007 
Project No. 107198 

of the refraction line. The results of the Sting survey are presented in Figure 5. The resuhs are 

shown in Ohm meters. 

Tabic 2 - Seismic Traverse Results 

Traverse No. 
And Length 

SL-1 
240 feel 

SL-2 
240 feel 

SL-3 
240 feet 

P-wavc Vclocit> 
fcct/sccond 
Vl = 1,550 
V2 = 4,100 
VI = 1,850 
V2 - 3.050 
V3 = 6,700 
VI = 1,500 
V2 = 3,250 
V3 = 7,350 

Approximate Depth to 
Bottom of Layer in feel 

1-10 

2 - 1 0 
2 7 - 6 4 

1 - 6 
2 0 - 4 4 

Apparent Rippability'^ 

Easy 
DiiTicult, Possible Blaslinp 

Easy 
Moderate 

Very Difficull, Probable Blasting 
Easy 

Moderate 
Blasting Generally Required 

* Rippabiiit\' critena based on ihc use of a Caterpillar D-9 dozer rippmji w iih a siiif^le shank | 

6. CONCLUSIONS 

The results from our seismic survey revealed two to three layers/horizons al the locations sur

veyed. Based on our site observations and discussions with you, the layers delected have been 

interpreted to be surficial soil (colluvium or topsoil) overlying varying degrees of weathered 

granitic rock. Figures 4a through 4c provide the layer profiles for the areas surveyed and the cor

responding velocities calculated for each layer. Based on the results of our survey, significant 

lateral variations in the subsurface materials are present in the study area. Accordingly, variabil

ity in the excavatability (including excavafion depth) of the subsurface materials should be 

expected across the project area. It should also be noted that our general depth of exploration is 

on the order of 50 to 60 feet; therefore, higher velocity material should be expected beyond this 

depth. 

Based on our results, difficult conditions where blasting may be required to obtain proposed ex

cavation depths may be encountered depending on the location, excavation depth, and desired 

rate of production. A contractor with excavation experience in similar difficult conditions should 

be consulted for expert advice on excavation methodology, equipment, production rate, and pos

sibly oversized materials. 
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The Sting results indicate that the subsurface materials are somewhat irregular with regard to 

ihcir electrical properties as evident by the presence of resistive and conductive pockets. In addi

tion, more resistive material is present in the near surlacc, especially along the central and 

westem portions of the sile. This highly resistive material is likely due to the presence loose 

surficial soils and possible boulders. 

7. LIMITATIONS 

The field evaluation and geophysical analyses presented in this report have been conducted in 

genera! accordance with current practice and the standard of care exercised by consultants per

forming similar tasks in the project area. No warranty, expressed or implied, is made regarding 

ihe conclusions, recommendations, and opinions presented in this report. There is no evaluation 

detailed enough lo reveal every subsurface condition. Variations may exist and conditions not 

observed or described in this report may be present. Uncertainties relative lo subsurface condi

tions can be reduced through additional subsurface exploration. Additional subsurface surveying 

will be perfomied upon request. 

This document is intended to be used only in its entirety. No portion of the document, by itself, is 

designed to completely represent any aspect of the project described herein. Southwest Geophys

ics, Inc. should be contacted if the reader requires additional infomiation or has questions 

regarding the content, interpretations presented, or completeness of this document. This report is 

intended exclusively for use by Ihe client. Any use or reuse of the findings, conclusions, and/or 

recommendations of this report by parties other than the client is undertaken at said parties' sole 

risk. 
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APPENDIX D 
LABORATORY METHODS AND RESULTS 

Laboratory tests were performed on representative soil samples to detect their relative 
engineering properties. Tests were performed following test methods of the American 
Society for Testing Materials or other accepted standards. The following presents a brief 
description of the various test methods used. Laboratory results are presented in the 
following secfion of this Appendix. 

Classification 

Soils were classified visually according to the Unified Soil ClassificaUon System. Visual 
classifications were supplemented by laboratory testing of selected samples according to 
ASTM D2487. 

Modified Proctor 

Laboratory maximum dry density and optimum moisture content were performed 
according to ASTM D1557, Method A. A mechanically operated rammer was used 
during the compaction process. 

Direct Shear 

Direct shear tests were performed on either samples direct from the field or on samples 
recompacted to 90% of the laboratory maximum value overall. Direct shear testing was 
performed in accordance with ASTM D3080-04 to evaluate the shear strength 
characteristics of selected materials. The samples were inundated during shearing to 
represent adverse field condifions. 



Project Name: 
Project No,: 
Lab No.: 
Sample No. : 
Sample Description: 

LABORATORY COMPACTION OF SOIL (MOD.) 
ASTM D 1557 

Canyon Villas al the Welk Resort 
10-6349 
17705 
1 
DG W/ Light Brown Silty Sand 

Tested By : 
Calculated By : 

Sampled By: 
Depth (ft.)" 

Joe M. 
Joe M. 

Greg R. 

Date 
Date 
Date 

9/26/07 
9/26/07 
9/21/07 

Moisture Added (ml) 

TEST NO. 
Wt, Comp. Soil + Mold (g) 

Wt. of Mold (g) 
NetWt. of Soil (g) 

100 
1 

3918 
1929 
1989 

150 

2 
3988 
1929 
2059 

200 

3 
4059 
1929 
2130 

250 
4 

4048 
1929 
2119 

Wet Wt. of Soil + Cont. (g) 
DryWt. of Soil + Cont. (g) 

Wt. of Container (g) 

220.8 
210.3 

0,0 

219.1 
204.8 

0.0 

215.7 
197.9 
0.0 

231.8 
208.9 

0.0 

II 
Moisture Content (%) 

Wet Density (pcf) 
Dry Density (pcfl 

5.0 
132.5 
126.2 

7.0 
137,1 
128.2 

9.0 
141.9 
130,2 

11.0 
141,1 
127.2 

Preparation Method: 
. Dry 

Moist 

Mechanical Rammer| X 
Manual Rammer 

Hammer Weight:| 10.0 1b. 

Drop:| 18 in. 

Mold Volume (ft.^):I 0.03310 

Soil Passing No 4 (4.75 mm) Sieve 

iMold 4 in. (1016 mm) diameter 

Layers 5 (Five) 

Blows per layer: 25 (twenty-five) 

(May be used if No,4 retained < 20% 

PROCEDURE USED 
Procedure A 

Procedure B 
ISoil Passing 3/8 in (9 5 mm) Sieve 

Mold . 4 in, (101,6 mm) diameter 

Layers: 5 (Five) 

Blows per layer; 25 (twenty-five) 

Use if + #4 > 20% and + 3/8 " < 20% 

Procedure C 

iSoil Passing 3/4 in. {19.0 mm) Sieve 

Mold: 6 in (152.4 mm) diameter 

Layers 5 (Five) 

Blows per layer: 56 (fifty-six) 

Use if + 3/8 in >20% and + V.. in <30% 
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TION 
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N/A 

Plus 3/8" N/A 

Plus #4 N/A 

Maximum Dry Density (pcf) 

Optimum Moisture Content {%) 

130.5 
9.5 

Rock Correction Applied per ASTM D 4718 

Maximum Dry Density (pcf) N / A 

Optimum Moisture Content (%| N/A 
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GLOSSARY OF TERMS 

CTE Consfruutifin Testing and Engineering, Inc. 

EIR Environnicntal Impact Report 

SEIR Supplemental Environmental Impact Report 

Southwest Southwesl Geophysics, Inc, 



APPENDIX E 

RIPPABILITY INFORMATION, CHEMICAL ROCK SPLITTING INFORMATION, AND 
SAN DIEGO COUNTY BLASTING REGULATIONS 

\\Esc_server\projects\IO-600l to 10-7000 Projecis\IO-6349\rocktall response\Rpi Feas. Rcktl, Ripabliy 6 10 09 ai-cepled changes doc 

file:////Esc_server/projects/IO-600l


TabJe 3 C - Z Est imated Ripping Production Using Se i smic Vek3c;ty Char t s 

Equipment Used to Rip 
D8R Muiti or Single Shank 
D9R Muiti or Single Shank 
DIOR Mxilti or Single Shank 
D l l R Muiti Shank 
D l l R Single Shank 

Earth 
Material 

Grunite 
Granite: 
Granite 
Granite 
Granite 

Rippable Shear 
Wave VeJocity 
(fl per sec) 

0 to 5,800 
0 to 6,800 
0 to 7,200 
Oto 8,100 
0 to 3,400 

Marginally Rippable 
Shear Wave Velocity 
(fi per sec) 

5,S00 to 8,000 
6,800 to 8,000 
7,200 to 8,200 
8,100 to 9,500 
8,400 to 9,900 

Non-RippabJe Shear 
Wave Velocity 
(ft per sec) 

Above 8,000 
Above 8,000 
Above 8 ^ 0 0 
Above 9,500 
Above 9,9C0 

Note: The fbllowing table summarizes data presented within the CaterpillafS) Performance Han(fi>ook, Edirion 31, 
published October 2000, by Caterpillar, Inc. The table represents ripper perfonnance estimated by seismic wave 
velocities and may help in determining the ef5cctiveness of liozer ripping bedrock materials. Caterpillar, Inc. states 
that considering the extreme variations among materials and even among rocks of a specific classificatioa, the 
charts mtist be recognized, at best, as being only one indicator of material rippability. 

Source: Caiapiilar. Inc. 2000 



BR8STAR 

I. WHAT IS BRISTAR? 

BRISTAR Li a soundltis and safe demolition agcnr which is quite differeni 
from ordinary demolilion agenis such as explosives and dangerous maienals. It 
does not cause any flyrixk, noise, ground vibration, gas, dust or any other 
cnvininmenlal pollution when used properly 

As requiremenls for demolishing rock and reinforced cotKreie in construction 
increase in light quaners, ihc use of explosives and explosive agents is becoming 
marv restncted as far as safety and environmenial pollution problems are con
cerned BRISTAR is the solution 

When BRISTAR is mixed with an appropriate quantity of waster and poured 
into cylindrical holes drilled in rock or concrete, it hardens and expands. BRIS
TAR cracks the matter to be demolished which then can be easily removed with 
a pick breaker, pneumatic breaker, excavator, etc 

There arc currently 4 grades of BRISTAR on the market designed for various 
temperature ranges (shown in Fig 1) of materia] to be cracked. Since a chemical 
reaction ofBRISTAR depends on temperature, use the proper type of BRISTAR 
listed in Table I. 

Table 1. BRISTAR designed for various range of temperature 

TEMPERATURE RANGES 

Product 

BristarlOO 

Bristar 150 

Brislar200 

Bnstar300 

Material Temp 
Range 

69 to 95 F 

50 to 68 F 

32 to 59 F 

23to41 F 

Mixing Water 
Temp. 

59° 

59" 

50° 

4 r 

•B-IOO. and B-200 used in this brochure indicate BRJSTAR 100. 150, 200. 
and 300. respectively. 

2. ADVANTAGES OF BRJSTAR 

I. BRISTAR IS A SAFE SUBSTANCE, 
BRISTAR is not controlled by any legal regulation such as explosives and 
explosvie agents, etc. QuaJified persons are not required for handling. Demol
ition can be easily and safely performed anywhere 

n . BRISTAR IS A SOUNDLESS CRACKING AGENT. 
Unlike the existing methods of demolition, BRISTAR does not make any 
noise, vibration, flyrock, dust or gas. Rocks and reinforced concrete may 
be demolished safely without envu-onmental pollution Furthermore, BRJS-
TAR'S expansive stress continues even after crack initiation, the crack 
opening distance becomes wider as lime passes. 

III. BRISTAR HANDLES EASILY. 
No lid (or cap) is necessary after BRISTAR is poured into a hole of n;>ck 
or reinforced concrete, nor is lamping requu^ as with explosives. BRISTAR 
cxens its strength in a shon time. Due to BRISTAR'S strong adhesion and 
frictionai resistance to inner surface of the hole, spurs due to heat-generation 
(blown-out shot) do not occur when used within the parameters as noted in 
the conditions. The expansive stress along the hole depth is almost constant 
except for that near the entrance of the hole Generally the expansive stress 
loss from ihe hole entrance has linle effect on the demolition work when 
hole depth is long. 

IV. BRISTAR HAS AN EXPANSIVE STRESS OF MORE THAN 6000 
t/m' (fig. 2,3.4) 
Generally, ihe compressive fracture stress of rocks is 1000 to 2000 kg/cm^ and 
that of concrete I ^0 to 500 kg/cm^ However, the tensile fracture stress is very 
small, i.e.. it ranges from 40 lo 70 kg/cm' in concrete, respectively. Since 
demolition by using BRISTAR is based on a fracture due to a tensile stress. 
all kinds of rocks and concrete can be cracked and broken by using BRJSTAR 
when appropnatc holes are properly dnilcd. 

3. PROPERTIES OF BRISTAR 

CHEMICAL COMPONENTS OF BRISTAR 
BRISTAR is a powder consisting of an inorganic compound made mainly 
of a special kind of silicate and an organic compound BRISTAR does not 
contain any harmful components 

SOME EFFECTS ON THE EXPANSIVE STRESS OF BRISTAR 
1) The expansive stress increases more than 6.000ym^. (Fig. I. 3, 4) 

2) The larger the hole diameter is, the greater the expansive stress becomes 
(Fig. 2) 

3) There is little change in the expansive stress when the water ratio is in 
the neighborhood of approximately 30%. However, the stress is decreased 
as the water ratio is increased or decreased 

Fi t . 1 O u n v " I " »<• • • p a n u n ( I t w n l B IDQ ft% 4 O w t « * 1 in (Ti* «ilp«vi*>q Rt%B ar B t o o 

4. FRACTURE MECHANISM 

After BRJSTAR is poured into holes drilled in rocks or concrete, the expansive 
stress gradually increases with time, and reaches to more than 60(X) t/m^ at mom 
temperature after 24 hours As the BRISTAR generates its expansive stress, 
the material to be cracked undergoes a process of (1) ctack initiation, (2) crack 
propagation, (3) the increase of crack width. Therefore, this fracture mechanism 
is distinguished from a breakage by blasting 

The mechanism by the expansive stress of BRISTAR is shown in Fig. 5, Cracks 
initiate from an inner surface of the hole, being caused by tensile stress al a 
right angle with the compressive stress which occurs by the expansive stress of 
BRJSTAR. The expansive stress of BRJSTAR continues even after the appear
ance of cracks, the cracks propagate and also new cracks initiate dunn^ the 



process Usually, for n single hole, 2-4 cracks iniuaie and propagate When a 
free surface exists, the track, as shown in Fig. 6, is pu,',hed apart mainly by the 
shear stress, and a secondary crack also arises from Ihe boilom of ihc hole 
runnmB loward ihe free surface 

free suf 'acP 

•compressive stress 

— tens i l e s t r ess 

c a c k 

expansive stress 

• cv l inc j r ical hole f i l l ed 

With B R I S T A R 

Fig 5 Fracture mecfianism by ihe 
expansive sucss of BRISTAR 

/ 
cv ' ' nd f i ca l hole w i t h 

B R I S T A R 

/ 

t;-^0 j 

mj 
m 

- J - . 

> 1 

1 ' Iee sur Fdce 
L_, / 

/ / 

r r 

L shear stress 

• secondary crack 

Fig 6 Sectional-view of the ctack formation in ihe 
material with two free surfaces 

When multiple numbers of holes are filled with BRISTAR, ihai are properly 
adjacent lo each other, the cracks from ihe hole propagate to connect with ihe 
neighbonng holes, as shown in Fig. 7 

It is therefore possible lo determine ihc direcuons of the cracks as planned by 
appropnalely arranging ihe hole spacing and its depth and its inclinaiion 

hole filletJ w i t h 
B R I S T A R 

Fig 7 Crack propagaiion 

Hsiat'hshmenl of fret surface 
In ihe case of trenching, shafting or tunneling, if all boles are drilled 
vertically and filled with BRISTAR, ihc crack width can not increase bul 
honzonial cracks iniiiaie Therefore, in order lo obtain iwo free surfaces, 
mclinaied holes ot pre-spliinng must be required (Refer to APPENDIX) 

5, TEST BREAK AND DRILLING 

BRISTAR'S effectiveness, therefore, depends on the placement of the holes 
The dnlling must be done in relaiion lo the job to be performed 

5.1 Test design and breaking 

The design for breaking should be done according to the properties of rocks, 
joint, volume lo be removed, secondary breaking, and work pcnt>d, etc 
Table III should be taken into account for the design 

Prior lolhe execution of test break, reference should be made to APPENDIX 
to assist in break design 

To determine which combination of hole size and spacing is most desirable, 
drill several holes of differeni diameier at different burden and spacing, 
check each of ihe break conditions and then decide hole diameier. depth, 
burden and spacing. 

Table HI Type of Breaking by BRISTAR 

Tvpe 

Ff agmf?n(at lon 

Crack f o r m a l lon 

Presp l i t img 

Secondary break ing 

H a m m e r , Power shovel 

H a n d breaker, Power shovel, Hvdrau t i c 
breaker 

C o m b i n a t i o n of mechanica l breaker or 
cJyhamite 

5 2 Drilling 

Drilling 
machine 

Drilling 
direciion 

III HoleDia 
meter and 
hole 
spacing 

Use electrical drill, rock dnll or crawler dnll 

It IS preferable to drill holes vertically, but in 
cases of a wall or pillar of reinforced concrete 
where venical drilling is hard, an inclined hole 
may be drilled Since a greater effect is 
achieved with a deeper hole, in case of a thin 
material, consideration should be given so as 
to gel a long hole depth by drilling ii obiiquelv 
if necessary. Hori7ontal holes can be applied 
the same idea of spacing as with vertical holes 

The breaking plan of Table IV can serve as a 
guidance in making a decision In general, rhe 
preterable hole diameter is from 40 lo 50 mm 
(I 'h" X T)_ 

Table IV. Material aniJ proper hole spacing 

hole spacing 

mater ia l 
to be crakced fee l 

hard v i rg in rocks 

20 40 60 80 TOO 

soft v i rg in r o c k s 

presp l i t t i ng of the above 

rocks 

Re in fo rced 
concrete 

f o u n d a t i o n , 
p i l lar , beam 

wall, slab 



BRISTAR 

IV Hole depth: This vanes with the shape of the matenal to be 
cracked or ihe break plan Refer lo APPENDIX as 
a guide line 

It should be noted that BRISTAR mixed with waier 
can easily be applied by hand, when ihe hole depth 
is up lo approximately 10 meiers When the depth 
is less than 3 limes the diameter of the hole, less 
cracking will occur, the breaking effect is lessened 
and ihe time required for demolition is increased. 

5 3 Use of thin steel pipe 

In the case of a temporary concrete structure (lo be demolished), place 
ihin steel pipes (the thickness 0 Kmm 11/32") i e. a sheath pipe for PS 
concrete) as holes before placing concrete instead of dnlling. Whenever 
the structure needs to be cracked, fill BRISTAR in the pipes There is no 
change m breaking effect by the use of pipe 

6. MIXING AND FILLING 

6 I Mixing ofBRISTAR 
I Mixing Equipment. 

MIX one bag (5 kg. 1 I lb) of BRISTAR with water at a time by hand 
or preferably with a mechanical mixer Prepare the following equip
ments. 

(1) Container: For one bag of BRISTAR - a metal bucket or clean 
can of 10-20 liters capacity. 

(2) Mixer For instance, hand-mixer 

(3} Water meter: Breaker or measuring cylinder. 

f4) ft-otcclor. Rubber gloves, safely goggles. 

II Mixing Method 

Pour approximately I 5 liier (0 4 U.S gallon) of water into container. 
Add one bag of BRISTAR gradually and mix well until it has a good 
fluidity 

When a viscosity of the mixture of BRISTAR and water is too high 
10 pour into the hole, add a little water to get a good fluidity Do not 
exceed 34% of water ratio (1.7 liter; 0 45 U S gallon per 5 kg; 11 
lb of BRISTAR). The mixing time by hand-mixer is about 2-3 minutes 
{it is recommended that mechanical mixer be used on large volume 
jobs) When mixing by hands, wear rubber gloves. 

III. Mixing Water 

Refer to chart found on page one Use clean water 

IV Standard Quantity 

The quantity of BRISTAR to be used for cracking differs with the 
hole spaces and diameters In Table V, the relation between the quantity 
of BRISTAR used and the hole diameters is indicated for the hole of 
1 m depth, where BRISTAR was mixed at a water ratio of 30% 

6 2 Filling of the hole with BRISTAR 
I BRISTAR should be poured into holes within 10 minutes afteimixing 

with water BRISTAR may set up within 10 minutes loosing us fluid 
properties and becoming difficult lo poor Once its fluidity is gone, it 
should not be diluted by re-mixing with water, as ihe strength isgreaily 
reduced. 

II BRISTAR IS best placed using a bucket with pour spoul, coking gun 
or grouting pump, especially for a honiontal hole Try lo dnll horizon
tal holes with some slope lo help in filling 

I I I . BRISTAR must be poured into a hole lo the bnm. 

IV For a honzonlal hole, the hole can be easily plugged with BRISTAR 
as II reaches a clay like consistency as it starts setting up. A slighi 
slope makes their use much easier. 

The average quanUty of BRISTAR used per 1 m' is 5kg for the 
material lo be broken when working at in virgin rock (8,4 lb/yd') 
For fragmentation and reinforced concrete, an amount of 2 to 4 limes 
of that is required. Design the hole diameter and the spacing by also 
referring to Table IV or APPENDIX. 

6 3 Use of polyethylene sack in hole 
I. If there is water in the hole, place polyethylene Ihin sack equal to ihe 

hole diameier into the hole, insert a wooden rod into ihe bag and then 
nil BRISTAR mio the sack. (See Fig. 8) The BRISTAR in the sack 
will displace the water in the hole. There is no change in Ihe breaking 
effeci by ihe use of this kind of sack 

II When there are many joints or large voids in the material lo be cracked 
or when BRISTAR somewhat leaks from the hole, use the sack 

III When much water of Ihe slurry is absorbed to the material lo be 
cracked (for instance, a dry concrete), use the sack or spray water into 
(he hole. In cold temperature, avoid the water sprayed freezing m (he 
hole 

IV When the material to be cracked is in water, use the sack indicated 
in Fig 8. Try to use Ihc bucket or the pump when filling into the 
pipe, remove il up. and then tic the sack to avoid BRISTAR filled 
diluting. If there is no flow of water around an entrance of ihe hole, 
BRISTAR may directly be poured into ihc hole using ihe pump so 
on It should gently displace ihe water in ihe hole. 

6 4 After Treatment 
I Tamping with mortar or sand is not requued ai all after the filling of 

BRISTAR It is also not necessary to put on any restrictive cap Just 
leave as it is and wait until crack initiates. Covering the filled hole 
with a plastic cover is desirable to avoid dilution of BRISTAR from 
external water source until cracking starts 

II Spraying the surface with water after the cracks initiate lends lo 
increase the width of cracks and speed the cracking process. 

Table V. Ouanlily of 
diameters. 

BRISTAR used per hole depih and ihe hole 

7, TIME REQUIRED FOR CRACK FORMATION 

Hole Diameter 
BRISTAR 

Hole Diametef 

BRISTAR 

(mml 
(kg/m) 

l inchi 

(Lb/vd) 

36 
1.7 

38 

1 9 

1 y. 
3.1 

40 
2.1 

1 ''; 
3.7 

42 
2 3 

1.^, 
4.4 

44 

2 5 
46 
2 8 

1 }-
5.1 

40 
3 0 

1% 

5 8 

BO 
3 2 

2 

6.7 

The lime required for crack formation in maienal at 20°C (68°F) is about 10-20 
hours The lower the temperature the longer crack formation takes The crack 
widlh fot rock continues lo increase wiih lime and can become I0-30mm C/s" 
• 1'/"") after several days, depending on free surfaces available, ll is besi to wan 
urn! the BRISTAR has worked to full depth before removing rock as premature 
removal aiihe first sign of a crack can hamper ihe leverage effeci of BRISTAR 



BRISTAR 

8. CONTAINER AND STORAGE 9. CAUTION 

BRISTAR is packed in 4 anti-moisture bags of 5 kg (II lb.) each and then 
placed in a water proofed canon with a toiaj weight of approximately 20 kg (44 
lb ) 

I Although BRISTAR is packed in anti-mositurc paper bags, long stor
age may cause deterioration of its working ingredienis Therefore, 
store in a dry place and use il as soon as possible 

II When storing, do not place the bags of BRISTAR directly on floor, 
put them on a pallet and keep in a dry warehouse etc BRISTAR, 
stored in this manner, can be effectively used for about I year. 

IN BRISTAR should be unpacked before use 

IV When sionng the portion of BRISTAR remaining after use, push the 
air oul of the bag, then seat with gum tape and use as soon as possible 
However, as it may gel exposed to moisiure ihere is nsk ofBRISTAR 
losing its effectiveness once the bag has been opened 

V If you receive broken bags of BRISTAR, they may not work due lo 
chance of moisture absorption. 

I. Do not use BRISTAR for oiher purposes besides ihe cracking of 
rocks or concrete as instructed in this brochure 

II Rinse with water, any portion of the skin ihai comes in coniaci with 
BRISTAR. 

III When mixing and (llling BRISTAR in holes, wear rubber gloves and 
safety goggles. 

IV Do not pour and leave BRISTAR in bottle or can lo avoid shattering 
of the can or boille, 

V Do not look directly into any holes for at leasl 6 hours after pouring 
BRISTAR may splatter or blow out of the hole due to heat generaiion 
when temperature of matenal lo be broken is over lemperalures in 
chart found on page one 

VI Do not use hot water. Refer to chart found on page one. 

PRECAUTION 

In details, refer to CAUTION on S e c 10 before using BRISTAR. 

• Do not use BRISTAR for other purposes besides the cracking of material. 

• Do not pour and leave BRISTAR in bottle or can. 

• Do not look direcily into any holes for at least 6 hours after filling. 

• Use the proper type of BRISTAR listed in Table I ( P I ) . 

• Do not use hot water. 

• Wear rubber gloves and safety goggles when mixing and filling, 

• Rinse with water when any portion of the skin comes in contact with BRISTAR. 



APPENDIX 
"Hole Design for Rock" 

Hole Diameier 
Hole Space 
Hole Depth 

e Angle 
- » Hole Direction 

1 General Concept for BoulderO - I.5m^;1.5 - yd'] 

d 

D 

38 •14 mm 

r / f ' • 1 v . ' 

70%o lHe igh i 

111 Soft Rock 

(Tcniile Slienglh 

, fO l jpy tm ' RSp.il 

U l Middle Haia Rock 

ITtTi^ik Sltcnpl^ 

61) • llXlkp.'cm- RS uO p< 

2 Splitting of Large Boulder 

( ; i Haid Rock 

rTcni i l t Slrrnglh 

. 100 kK'cm. 140 psn 

d 

I 

D 

32 35 mm 

1 %* • 1 ^ ' 

30 40 cm 

f - 1 4" 

44 5 1 mm 

I V . ' 2 ' 

GO 90 cm 

2 2' 

70% of Heighl 

F i l l in (V) ho l e i and then 
(J) h o l M a ' ter 6 - ? 0 Hours 

3 Underground Excavation 

J 

L 

n 

3 8 - 4 4 mm 

I'A" • 1 v.-

30 • 60 cm 

y - 2 

S n o * n in Figufe 

d 

L 

0 

3B 51 mm 

1 V i " • 2 ' 

6 0 - 9 0 cm 

2 - 3 ' 

90%OtHeighl 

(3) Ca i i i on f o u n d a t i o n 

Make I f M l u f ' a c e -
bv d!99int i . 

4 Slabbing 

d 

L 

D 

3 2 . 3 5 mm 

' % • • 1 'V 

20 30 cm 

8- 1 

41 -51 mm 

1 '/.• • 2~ 

40- 50 cm 

1 4-- 1 8" 

90%olHeigni 1 
Smjil d jnd L .hnuld hf u>ed in 

r>bldin J -djil-tit i T j t l Imt 

5 Leakage of Virgin Rock 

ll 

1 

1 

D 

44 51 mm 

\ W 2-

30 40 cm 

r - 1 " 4 -

60 W c m 

2 3-

AdOing 5%olHergp| 

e 1 BO 90' 1 

The tor should he dri l l td 31 t l o i c hole 

^pairing and luccei i inr l j bfoken (mm fne Iriini rcig 

^n dni l inf » i l l Cdusc pi.>(ir brtakafc 

T V from ho i t i lup lo i i u h r o * l may (w ^imuliancously Tilled :n |i n mure cUtcrive hir ihc 

rrmuval it> f i l l in I holei and ihen eath i *n rows 1 J ! ) afif i a dcl jv of fi JO hours 5% ot H f i g h i 
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6 Trenching and Tunneling 

(11 V t u i 

d 

1 

0 

' 

3 6 - 5 1 mm 

1 • / / • ?' 

30 60 cm 

, - 2 

1 -1 Bm 

3 6 

45 60° 

Reliever h o l e j are n w e i i j i v 
w h e n i r ench is deep 

Repeal i f ie i a m e p rocedu re lor deepe ' case 

Flit in(l; ;holes a^d t ' i e n ( j ; h o i * i a l ter de layma 

(2) V-cul 

> V 5 r r . 
I5'l 

o o o o o a o o * 

o o o o * 

o o a a o o o a 

Fi l l m (I) hote l and t h e n ' j ; 
and ® after de lay ing. 

a 

L 

L 

D 

3 8 - 5 1 mm 

1 V l ' 2 ' 

40 50 cm 

1-4--2' 

3 0 - 4 0 cm 

r - T 4 -

1 -1 8 m 

3 ' - 6 ' 

13) Bu rn Cut 

in in r f r^ jv iMi rnn^ 

t 7 r > i > i r ' » i i i j > i » i i . 

Face 

/ ^ 
t^ . O O O O D O O D O O 

Ll 
o o o o o o o o o c 

0 0 D O O O o a o D 

O D O O O O O O O O 

d 

I 

3 8 - 4 4 mm 

1 Vj- - 1 V. ' 

3 0 - 6 0 cm 

1 -z-

Burn Cut 
> 1 5 m 15-1 

For hof i ionu l holts dril l Ihem wilh 
10 help )n nitmg 

slupc 

APPENDIX 
"Hole Design for Concrete" 

d Hole Diameier 

L Hole Space 

D Hole Depth 

e Angle 

- ^ Hole Direction 

1 General Concept for 
Concrete 

2 General Concept for 
Reinforced Concrete 

Li; 

36- 44 mm 

VK -2 

70°*= at Height 

B ' - iO^ 

38 •44mm 

9 0 % ol Heigni 

When vertical dnll ing i& difr icull. dr 
honionial holes with w m t slope 

d and L depend on both quantity of 
reinforced sleel and >hapc of thai 



3 Mass Concrete 
(Bridge pier and Foundation etc) 

4 Pile Foundation 

H o r i j o n l a t hole 

R e r i f o ' c e d S i fe i 

J 

L 

Concreie 

38 51mm 

1 • .>• •?• 

SO-90cm 

r 8 - - 3 -

Reirilorced concrete 

38 •44mm 

I ' / ; - - IV." 

40 - 60cm 

^ A • • ^ • 

J 

1 

L 

3 8 - 4 4 mm 

1 • / , " - ] V , 

20 cm 

8" 

20 25 cm 

8"- 10" 

5 Thick Wall 

Crack> propjpj ic j lonp i * j l | I When perpendicular l u c k i l.i ••all lace are neceviiry 

d 

L 

38 -44 mm 

1 v r • 1 v.-

30 • 60 cm 

r z 

Add 4 iclievcf hole 
Spacmf may In lOcm IJ 
ihnugh JOrm (8 ) 

Drill larger d of holes 

6 Pier, Bridge Foundation, Retaining Wall 

Dnihng depeno^ i n a shapf of Mruclur 
and a circumsianct 
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Side 
V i e w 

Making o l large block. 
Secondary brcaliing i-iih 
large reck breaker 

(JI Making ot small piccei, 
D i i l l in f l i only from nnc side 

b o o 
b a 

IJ] Wall IS ver> high, 
Venical dri l l ing l i diff icull 

0 - — O O 

- O - — o — — O - - — - o -

—— D — O O 

— o — o — 0 - — o -

—— a o o 

14) Foundaiion is thick. 
Secondary b ic ikmg * i i h luge 
nxV hrcaker 

7 Zone Demolishing (Pillar, Beam. Wall) 

(11 Slagged Anangemcni (Pil l iJi 

1 

1-

D 

38 - 44 mm 

1 ' / / • 1 y . -

3 0 - 4 0 cm 

V- 1 4" 

9 0 % QlWid ihot Height 

L - - • 1 

o o 

o o 

o o 

o o 

" " T 
Damag* 

O O 

o 

o o 

o 

Region 

I -̂  ."•' ^ 

"r̂ — • - . ' 

D 

H o r i i o n i a i O' I nc l i na ied Hole 160 ~ 80 I 

Kl \ X Figure Arr-angemenl iPil lai. Wall) 

d 

L 

IJ 

3 8 - 4 4 mm 

V/:--\ v.-

3 0 - 4 0 cm 

I ' . V 4 ' 

9 0 % olWiOih or Height 

(3) Cross Dnll ing (Beam) 

Damage fieqion 

> 3 C k m ( 1 1 

C u l l i n g L ine 

Try to 

p i l l i i c 
.el lafcly jone to avoid 
auking 

d 

L 

D 

= 

3 8 - 4 4 mm 

I ' A ' - t V . -

30 - 40 cm 

y 1 4" 

9 0 % of Width ot Height 

6 0 - 8 0 ' 



8 General Concept for Thin Concrete (Wall. Slab) 

d 

1 

0 

32 • 38 mm 

I " . ' - r / j ' 

25-30 cm 

10 1 

ArounO Wall Thickr^ess 

Crack «>drti (if Iht Jri.nl r n * i . i>penfj 
much bryer ihan ihal ni Ihe hflimd rnu. 

Square Ar rangement 

h A v i i i d d i j i r i ' n j U r j a 

L 

32 3 B m m 

1 V , 1 • / , • 

35- 30cm 

10' ' 

25mm 

1 

10cm 

J ' 

33-3Bmr^ 

1 ' ' . " - 1''?" 

10 15cm 

4 S" 

Ihc . i . rv j1un jL 
lOmer tHi .hiiuld ht 
moie rhan l^.r^i th i 

R > ^ 

O c n n . r K j F aC e - " 

) i Spli i i in^ 111 Wj l l 

d 

[ 

38 • 44 mm 

r/." 1 •/,' 

25 30 cm 

10- !• 

^ - - / 
^ 

Steel Ba Sgu3'B 
Ar.angement Darnaoe Reg ion 

U^ 

, ^ 

y w 
^ 

\ 
/ * ? " ? ? ?.S^3#? :̂̂  

Pf P 9 0 9 

C r o i i S e c l i a n P 
Staggered 

A i r angemf n i 
a 

/ 

Y f f ? ? 

? f ? ? ? 

- l lSnMtir- f . i l Sl jh 

d 

L 

38- 44 mm 

1 '," I V . 

2 5 - j O c m 

10"- 1 

Staggered Arr j n g e m e n i 2 Suua'e Arrangement 

L ' 

r ? I I 
i I I \ 

h-; L, 
? ? f 

i i 
L. =L' 

A50-eo- ^60-80° 

' i lK . l j h l i .hmfn ln l f rce -u r f j ^ . -

In >lcjd III Bum Cut Kh jp ic i h 
lit RiKkJ .r,i,> drilling m j \ hv 
u.rd III c^lahli.h ihr Irci- -Dr l jn ' 
Inr - 'a l l .J-..-

d 

1 

38 • 44 mm 

I ' / . " - ! '/>• 

20 25 cm 

8 - 1 0 

f ? ? 

• I l l 

9 9 ? 

Damage Reg ion 
hv B R I S T A R 

? 

» 

0 

( 

? 

9 

? 
0 0 
t * 

? 

9 

f : 

9 Delay filling 

f i l l in i l l h r l o ihen i:^i hole- after deU j i i g 
iScc : h i l l Rock ^ n j 1 111 CJIKIL- IC I T h m a n 
he jpphtd for cnnirr)llinp nf a t r j t k dirctimn 

Bridge P.e 

Cut l ing d i rec t ion 



DTI Demolition Technologies Incorporated 

Right Grade, Right Results 

A lways start by matching 
the temperature of the 
material lo be cracked 

wilh the temperature range 
ofBRISTAR & SUPER 
BR]STAR 2000. Also, match 
the temperature of the water 
with the grade ofBRISTAR & 
SUPER BRISTAR 2000 you 
are mixing. 

Item Grade Temp Of 
The Material 

Temp Oi 
•fhe Water 

SUPER B_RISTA£2000_^ _ \ H j[ 77°-95''F below I T ? 

' "SUPER BRTSTAR 2000 j | ^ M "II 59°-86°F 

•"SUPER" BRJSTAR 2000'" ![ L ;f 4 1 ° ^ " ? ' " 

.BRISTAR _ " ' "' ji ' IOO i[ _59''-95"̂ F "_ 

• BRTSTAR ^ ^ * ^Tir 11^ ll TT . ' ^^ 
\ BRISTAR ' 

below 6ST 

• ; r 

i| BRISTAR 
200 

3oo~ 
4r-59''F 

23°"-4FF" 

below $<)"? 

below 59°F 

beiow59"F 

"TelrnvSO^' 

below41''F 

l i ' i l l l l l l l l 
i 

SUPER 
BRISTAR 
2000 

1 

BRISTAR J 
i 
j 

( 
1 
1 
i 

Mixing 
Water 

1 liter 

• 

1,5 liters 1 

i 1 

! 

Mixing 
Time 

20 sec, 

Ti"'"""" 
iiiinLites 

How to 
Mix 

Add cool, clean water to a 
clean shallow pan. Mix in 1 

i bag of SUPER BRISTAR 
2000. Mix 1 bag at a time 

1 Add cool, clean water 
1 lo a clean bucket. Mix 
! tn I bagofBRISTAR-

Several bags can be 
mixed at a time. 

Pouring 
Time 

Within 2 
minutes 

Within 5 
minutes . 

j 

How to 
Pour 

Mixture is stiff Move a 
rod up/down lightly 
while pouring and 
remove gradually. 
Fill hole to the brim. 

The slurry is easy 
to pour. Fill hole 
to the brim. 

1 Cracking ! 
! Time ij 

I 40 minutes '' 
- 3 hours ;• 

II ii 

1 ^ 
; 10-20 ij 
; hours '• 

il 

i; 

YIEID BY BAC 

D esigning hole pattems is an 
art we practice everyday. 
We will be happy to design 

yours. And once you've got a 
hole pattern, it's simple to figure 
out how much BRISTAR you 
need. The formula: LB/FT x 
Number of Holes x Depth of 
Holes ^ 4 4 (lbs). 

Mole 
Diameter 

SUPER 
BRISTAR 
2000 

BRISTAR 

(lb/ft) I 

~ m l g ) ' \ 
i 

"'{lb/ft)" "I 

f(?t^agri 

1 1/2" |i 1 5/8" !j 

no j 1.8 Jl 

' ""no" r 6 j" ' " i 

13/4' 

2 

1,3 ' • 5 ;| 

5.4 

6.2 

1 7/8" ;• 

2.2 i" 
r 

2 ": 
I 
I" 

2" 

no 

no 

2-4 

Note: The chart shows how many drilled feet one 11 lb. bag of 
BRISTAR yields. There are four 11 lb. bags per case. 
You may get 3% to 6% less due lo field conditions like 
spilling and actual hole size. 



Material Safety Data Sheet 

l O O m T T (AS Umd on LBbBi ana U B V 
BRISTAR Mormlfon it rnn^ilB, tfm aomm muP b9 B̂ rimd to mourn ft*. 

Section ( 

M«njt«aur«r'4 >ifvia 
(X̂ OOh CORPORATION 

A d d « « (t iumb^, Strmi. Off. SMtB, and ZJP Cam) 

NO. 1-13, TOYO 4 - a O C i , KOTO-KU. 

erf»f©«ncy T*l«phDn» NuraTW 
03-5683-2026 JAPAN 

rt(»pnonf NumM< (or lnl0rm«tion 
03-3285-9268 JAPAN 

Dai« Piwpand 

TCKYO 135, JAPAN 

rEBKDAUV-23, 2000 

SiflntUir* 0/ Pnpvm (t 

Section 11 — HknoitTiia ingrsdftnta/(d«ntity InformaUan 

H*2ankAjt CcmpOft«n»« tSP*e»fc ChwnicaJ Idanttfyr Common Nim*(i)) OSHA PEL 

A. HAZARDOUS COMPONENTS 

B. NON-HAZARDOUS CHEMICAL 
t Nona 

COMPONENTS (Z by we 

ACGJM n.v 

I g h t ) 

OihwLWnu 
^{OtBtBtt/) 

1. I n o r g a n i c ConrpouTjda 

1) S i l i c o n Dioxide 

2) Alurtinluin Oxide 

3) F e r r i c Oxida 

U) CAlciuin Oxide 

5) MagnaBium Oxide 

6) Sulfur Trloxldfc 

(S102) 

CA1203) 

(Fe203) 

(CaO) 

(M$0) 

(S03) 

2 - 11 X 

0 .3 - 6 % 

0 .5 - 3 Z 

77 - 96 X 
0 - 2 1 

0 .5 - 5 X 
\ 

Sul fona tad malamlne (CA3 No.6^787-97-9) or n a p h t h a l e n e - s u l f o n i c acid polymer 

w i th Connaldehyde, Sodium s a l t (CAS No.908^-06-^) ••• Approx. 1 X 

Section II) — PhyBh:aL/Ch«mlcal Char»ctei1allc« 
Bating POIA| 

Vaoot Preuuf« \mm Hg.) 

Vapor Dtrtsrty (AtR - 1) 

ScA^Mity In W«l*< 

Not 
Appl l cab l t 
NOC 
A p p l i c a b l e 
Noc 
Appl t cab i t 

Sp«M/ic Grtvity (KTO • n 

Mktting Poit» 

Evaporalion R t U 

(fivtyi ActlWt - 1) 

3.2L 

,1200'C 

Appl icable 
S l i g h t 

AOOmmnneB «nd Odor 
•dzsy powder, NO odor 

3*cUon fV — rir» and tcpioslon Hazard Data 
f i44h Pont tWwhoa Uwtf) 

£xW^9UllMn9 Mwllt 

Not A p p l i c a b l a 
FlAnVDAbM tjmit* 

Not A p p l i c a b l e 
L£L U€l. 

Not A p p l i c a b l e 
Sp«ciai Firt Ftghiinp Proc4du»a« 

Not Applicable 

Vrvsuai Firt and Eiplosen Hftovru 

When the product is used Incorrectly such as the use out of 

proper Uwpcrature ranRe etc.. blovn-nnr nknr, vin occur. 



S«:tk3n V — R«acUvHy Data 

SUblrty Unstkbta 

Stibi* 

Corditiora ta Awwl 

lncoa,p.t i6i i i tvw#f.r^/*fo>iv<^ U ^ , ^ ^ ( Q^^y S t o r a g e ) 

HtiBfttoua DaoDfTipaaMon v ByfvOdUCU NONE 

Hzzwdoui Mav Occw 

Will Not O u u r 

CondKKyutD Avoid 

Sect ion Vi — Health Hazard Data 

ft0W«(5) or Enlry: 

rVE CONTACT Avoid 

InhA/alion) 
A v o i d 

Sk^n? 
A v o i d 

ingMtkin' 
A v o i d 

HtaRA NAUTCU (Acuta and CVvOncJ ., \ . , ^ , 
IJ Skin And eye contact : Irritation, Burn 

2) Inhalation and Ingestion : The sama cymptoma as getting cement or quicklime 

will Appear. 

Cjtcinoo««aly: NTP7 
Hot Applicable 

lAA 
NO t A p p i i c a b l e Not Applicable 

Siflm >nd Symptoms ol Exposutt 

Since the produce i s an a l k a l i mataTlal . skin e t c . w i l l be i r r i t a t e d . 

Oanraiy AQof^vifld fry E i w u * * 

Skin and eyes Will be i r r i t a t e d and m i l be got burn unless itnmediately r insed off. 
Ernfrgency »nd Finrt Aid PrDc«dur«i 
It the skin cornea in contact with the product, r i n se I t off ^ t h clean u^acer ^mmpfHarpIv. 

If eyes come in contact with i t , r i n s e i t oft with ouch clean vater Iggnediatelv. and * 
Sect ion VII ~ Precaut ions for Safe Hand l ing a n d Use * c o n s u l t w i t h a d o c t o r as £ o o n aa p o s s i b l e . 
StBps ID 6« Takwn \n C A M MuanU l i n*i»u«<] ox Spillad 

1) Gather the released or apilled product uith a brooa or a ahovel. 

2) Mix it with a large aciount of water. 

3) Sprinkle i t onto open ground. 
w«tia OlspQul M*iNxl 

1) Mix it with a large amounc of water. 

2) Sprinkle it onto open ground. 

5tor« It under dry condition, and wear safety goggle© 

Ot/i«i* Pfteau»iwi» 
for eye protect ion, and use rubber glovea. 

When mixing the product wirh water, do not get close to holea f i l l e d with the 

mixture of the product and water to avoid any accident to be caused by bluwn-out ahots , 
Section VIII — Controi Mea&urea 
Respiratory PfOtKlhOH (SpBcify Typt) 

VenniHion 

I t la recommended to wear ordinary dust-proof mask. 
Local Exhamt -

Not A p p l i c a b l e 
SpaciAi Not Applicable 

Not A p p l i c a b l e 
P'Olttctrva Gk>^ i 

Ordimicy rubber gloves 
Oin^r Pro(«ci«t CiotNrig or Equipm«n| 

O l h ^ 
Not Applicable 

Safety goggles 

Wortt/Hy9r«n)c Prjcuca* 
Noc Applicable 

Not Applicable 

P*9« 2 
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ORDINANCE .W. (NEW SERIES 

AA ORDINANCE ^emiUG DIVISION S OF TITLE 3 
OF 1>iE SAN DIEGO C3UNTY CODE OF REuULATORY ORDINANCES 

RELATING TO BLASTING OPERATIONS 

The 3oard 3f Supervisors of the County o f San Diego orda ins as foncv.-s; 

SECTION I - Sict-ion 35.302 of the County Code is hereby amended to read 

ci fol iows: 

S s c . 3 5 - 3 2 2 . E.MFORCEHEHT 

Th 
by the 
and whi 

hi i jn i fcm Fire Code, exceaC far Art ic les 77 and 78, shal l be eni'or::5d 
County r ^ a r ^ e n t of Pla.^^ing and Land Use Codes Enforcement Division 

..,« ^..ich shall be operated urdsr tha suoervision of the County Chief Fire 
[nscac:3r. Ar t ic les 77 and 73 shall ba enforcad by the Sher i f f of San Disco 
::ur.Cy s.id rsf^r^nc^s in said Articles 77 ana ja to Chief shal l mean the 
Sheriff of San *iec3 County. 

*̂  
/ SECTION Z. T7:e followii-.g sections are hereby added to the Count>-Ccde 

07 Regulatory Crdinances: 

Sec. 3S.3I5.0l (77.101), Section 77.101 of the Uniform Fire Coda is 
hereby revised to r«3d as follows: 

(a) This a r t i c le shall apply to the manufacture, possession, storage, 
sale, transportation and use of explosives and blasting agents. 

(fa) This a r t i c l e as amertded shall apply to any blasting operation unless 
ch3 blast fs deranained to be a ainor blast, in which case the inspection 
r-quirgjaa-its of th is amended art ic le.shal l not ^pply. TTie Sher i f f shal l 
detartnlne I f tha blast Is minor. Persons conducting major b las t ing shall 
ccmply with a l l the requirements of this a r t i c l e as amended-

Sec. 35.3L3.0Z (77.103). Section 77.IC3 of the Uniform Fire Code is 
hereby revised ta rtad as follows: 

(a) For caf in- t ions of 3U5TING AGENT," BULLET RESISTANT, CHIEF, 
l;.'HA8ITeD 3UtL2:.NG, EXPLOSIVES, GUNPOWDER, SPECIAL INDUSTRIAL EXPLOSIVE 
CeVICE, SPECIAL INCL'STRIAL HIGH-EXPLOSIVE MATERIAL and TEST BUSTING CAP 
HG. a, ne Ar t := lc 9. 

http://3S.3I5.0l
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(b) APPROVED BLASTER means a b laster who has been approved by the 
Sheri f f to conduct b last ing operations and who has been placed on the l i s t of 
approved b las te rs . Such l i s t i n g shall be v a l i d fo r a per iod of one (1) year 
unless revoked by the Sheri f f . .' . 

(c) BLASTING OPERATION means the use o f an explosive device or explosive 
maCerial ta destroy, tngdify, ob l i t e ra te , or remove any obst ruc t ion of any 
kind. 

(d) BLASTING PERMIT, for the purpose of t h i s a r t i c l e , means a peririit 
issued by the She r i f f or by the Chief O f f i ce r o f the f i r e department serving 
the j u r i s d i c t i o n , pursuant to A r t i c l e 77 o f the Uniform F i re Cede, and shal l 
aooly to a spec i f i c s i t e . This permit shal l be v a l i d fa r a period not to 
excaad one (1) year. 

{ej BLAST SITE means a geographically def ined area nherz b las t ing may 
occur. I t shal l be shown on a project map or p lo t p lan. Major b las t ing 
co3r2tions sha l l be conducted only wi th in such def ined areas. Distances for 
ir.spection and n o t i f i c a t i o n purposes shall be^measured from a l l spec i f i c b las t 
locations on a pro jec t s i t e . ^ 

' ( f ) EXPLOSIVES PERMIT, fo r the purpose of t h i s a r t i c l e , means a permit / 
issued by the Sher i f f pursuant to Section 12000. et seq. of the Cal i fcrniTi 
Health and Safety Code and A r t i c l e 77 of the Uniform Fi re Code. An s^plo^ives 
permit shal l be v a l i d for a period not to exceed one (1) year, as designated 
by the She r i f f , io<i may impose conditions on the permit tee and his operations " 
up to the po in t o f actual use. In addi t ion to t h i s permi t , a -b las t ing permit 
is also required f o r the actual act of b l a s t i n g . 

(g) INSPECTOR means any pr ivate person act ing on behalf o f an aocroved 
blaster who has been approved by the Sher i f f to conduct pre- and post -b last 
inspections in conjunct ion wi th blast ing operat ions In the unincorporated 
areas of the County of San Oiego, and who has been placed on the l i s t of 
approved inspectors . 

(hJ MAJOR BLASTING means a blast ing operat ion not q u i l i f y i n g as minor 
blast ing. 

( i ) MINOR BLASTING means a b last ing operat ion that meets a l l o f the 
Following c r i t e r i a : quant i ty o f rock to be b lasted does not exceed ten (10) 
cubic yards per shot, bore holes do not exceed two inches ( 2 " ) , hole depth 
does not exceed twelve feet (12 ' ) i maximum charge weight does not exceed 
scale-distance as shown below: 
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Distance froa Blast Site 
( In ?2et) 

0-300 
301-3,000 

5,000+ 

Scale-Oistancfi 
Factor 

Mandatory Seismic Monitoring 
55 
65 

( j ) SHE.=i:/F'S AUTHORIZED RE.^RESENTATIVE means the chief f i re of f icer 
serving the jumsdict ion. 

Sec. 35.2:5,03 (77.IQ4). Section 77,104 of the UniForm Fire Code is 
hereby revised :;y adding subparagraphs ( f ) , {g}» (h) and { i } as follows: 

( f ) Prior to t.'ie issuanca of a Blasting permit, the chief , or his 
authorized rap.-^santative, shall approve f i r e safety requirements and shall 
rsview tha appT-cation for canfanance to t h ^ reouira.'HB.ncs. as they relate to 
blasting operai'.ons. of the following permits when blasting is anticipated. 

I \ . Suilc-;,ig ;srmU; 

Grad:->g perait; 

A l l iise pemits; 

Encroachment permits; and 

2. 

3. 

4. 

5. Other entitleoents to use property, including zoning requirements 
and iJjy. detenainatlon under The Zoning Ordinance of nonconforming 
statzis. 

The applicant shal l be responsible for not i fy ing and obtaining a l l necessary 
approvals from -ihe chief or his authorized representative. 

(gj This ar t ic le ^^ amended shall apply to blasting and explosives 
permits issued rn or after the affective date of th is amendment. Permits 
issued prior ta that date shall !3e subject only to such regulations as ware in 
effect at the t :se t.'ie permit w u Issued. 

(h) aiasiars are repuired to coaply with blasting regulations of 
neighboring ju r i rd i c t i ons , for any blasting operations outside of the 
unincorporated =rea of the County, but conducted in conjunction with projects 
within the uni-crrpori ted areas of the County of San Oiego. 
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M) The S i e r l f f , or his authorized rep resen ta t i ve , may impose condi t ions 
and oroceduras as ar* deemed reasonably necessary to p ro tec t the pub l ic health 
and safety barad upon the pecul iar and i nd i v i dua l f ac t s and circumstances o f a 
ca r t i cu la r b l as t i ng operat ion. The Sher i f f , o r his author ized representat ive, 
snail pnjvide t-^e b laster wi th the addi t ional cond i t i ons or prQcedui*e9 in 
w r i t i ng and the blaster shal l comply with them u n t i l the b l a s t i n g permit 
expires or the Sher i f f , or his authorized rep resen ta t i ve , i s s a t i s f i e d they 
are no longer required and cancals the add i t i ona l requi rements. 

Sec. 3S.3I5.04 (77.105). Section 77.105 o f the Uniform Fire Code is 
h^reiiy aaerded to rsad as fo l lows: 

I.'iSURANCE PEdUr.̂ ED 

Sec. 77.1-5. Before a blast ing permit i s issued, as requi red by 
Subsection (a) 3 of Section 77.104, the b l a s t e r sha l l submit a C e r t i f i c a t e of 
:."SLiranc3 evidancing that b laster has obtained, fo r the per iod covered by the 
3 = r rmt , from i generally recagnized responsible i nsu re r . Commercial General 
- - ,ab i l i t y msur-s.ics w r i t t en en in "occurrence" basis and in an amount of not 
'5SS than f i v e hundred thousand dol lars (SSOO.OOO) each occurrence. The owner 
of the prtjperty upon which blast ing operation is proposed sha l l f i l e , or •" 
cause to QC f l T ^ , a copy of t.*:e Ce r t i f i ca te of Insurance (which states that 
b last ing caveri=a Is included) of the b las te r w i t h t h e S h e r i f f and the Chief 
of the Fire Protect ion D i s t r i c t having j u r i s d i c t i o n . 

The provis ions of t h i s Section 77.105 sha l l not apply to b las t ing 
operations by a property owner on the owner's own p roper ty which has a General 
Plan category o f Rui^l Developcsnt Area. 

Sec. 35.315.OS (77.301(a)) . Section 77.301(a) o f the Uniform Fi re Code 
is hereby amended to read as fo l lows: 

Sec. 77.3C1. (a) B last ing shal l only ba parml t tad between the hours o f 
8:00 a.3. and £:00 p.a or one-half (1/2) hour before Sunset whichever occurs 
f i r s t during a.iy weekday, Monday through Fr iday , unless specia l circumstances 
warrant another time or day and special approval i s granted by tha Sher i f f . 

Sec, 35.315,06 (77.301). Section 77.301 i s r)&reby amended by adding 
subparagraphs ( i ) , (o) and (p) as fo l lows: 

(n) The avner shal l g i ve , or cause to be given a one- t ime, reasonable 
lo t i ce in wr i t : -^g fo r ongoing operations to a l l residences ( i nc lud ing 
^Dbilahcaes) and businesses w i th in six hundred Feet (600*) o f any potent ia l 
jiajor blast l o c i t i o n . or three h'.;ndrcd feet (300 ' ) fee t from any minor b last 
locat ion. The " o t i c e shal l he given promptly upon issuance o f any bu i ld ing 
parmit, grading panai t , use p a m i t . encroachment permit or o ther ent i t lement 
to use t-a proper ty , inc luding a determination under The Zoning Ordinance of 
nonconfuraing s i a tus . 

http://3S.3I5.04
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(o) In addition to the notice given under Section 77.301(n), a notfce by 
the blaster shall be given or cause to be given to the residences within six 
hundred feet (SOU') o f a major blast site and three hundred feet (300') from a 
minor blast site, not less than twenty-four (24) hours nor more than-one (1) 
week before blasting operations and shall be in a form approved by th^ 
Sheriff. TTie ainimum 24 hour notice requirement may be reduced to a lesser 
period but not lass than one hour if the Sheriff determines that special 
circumstances warrant such reduction in time. 

(p) AdeQuate precautions shall be taken to reasonably safeguard ps-'sons 
and property before, during and after blasting operations. These precautions 
snail include: 

1, The blaster shall cause an approved inspector to inspect all 
structures (including mobilehomes) within three hundred feet (300') 
of the blast site before blasting operations, unless Inspection is 
waived by the owner and/or occupant. The inspector shall ootain 
peraission of the owner and/or occuoant before conducting the 
inspection. JU^ inspection shall *e only for the purpose of 
determining the existence of any visible or reasonably recognizable 
preexisting defects or damages in any structure. Waiver of 
inspection shall be in writing signed by the owner and/or occupant. 
Additionally, refusal to allow inspectlqn shall constitute ar. 
automatic waiver, which shall be reported as such to the owner 
and/or occupant, and the fact of refusal shall be included in the 
suneary report filed with the Sheriff (see Section 77.30I.(o).Z)» 
The blaster shall cause an approved Inspector to conduct post blast 
inspections upon receipt o f a written complaint of property-damage 
either by notice or knowledge of damage, providing damage Is 
reported within one (1) year of the completion of blasting 
operations. 

2. Complete pre-blast inspection reports Identifying all findings and 
inspection waivers shall be signed by the inspector. Such inspection 
reports shall be retained by the blaster and upon a complaint of -
alleged damage the blaster shall cause a copy of'the report to be 
imuedlately filed with the Sheriff. A copy shall also be sent to 
any individual who Is directly Involved in the complaint upon their 

- request. Such Inspection reports shall be retained by the blaster, 
and copies shall be famedlately sent to the Sheriff and individuals 
directly Involved In any alleged damage complaints at their request, 

3. Tho blaster shall cause an approved inspector to conduct a 
post-blast Inspection of all structures for which written complaints 
alleging blast damage have been received. A written report of such 
inspection shall be immediately filed with the Sheriff and delivered 
or sent to individuals directly involved in any alleged damage 
within sixty (60) days of receipt of a complaint. 
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4. The i l aster shall perait'Fire Protection District and Sheriff's 
Department personnel to Inspect the blast site and blast materials 
or explosives at any reasonable time, 

5. If a Fire Protection District or Sheriff's Department witness' Is 
des7r*d by the blaster on areas of the property upon which blastinq 
shalJ occjr, arrange^nts shall be made at leas-t twelve fl21 hours 
prior to the blast. Confirmation shall be made to the Fire 
Prat-ction District or Sheriff no less than one (1) hour prior to 
the 3last. The witnessing department(s) may then assign a 
department member to be present and observe the blast at their 
discr-tioo. Costs, if any. must ba paid by the blaster and owner. 

The ilastar shall notify the Sheriff and the appropriate Fire 
™H:?l_ '^? : ' J r : '^ :J_^ ""y-.?? ^^^ ^.»y.°f f.schaduled blasting 

7. A l l 
se 

5. The ilastar shall notify the Sheriff and the appropriate Fire 
Protection District, If any, on the day of a schedule 
openilon .̂ ot less than one (I) hour before blasting. 

1 najor blasting o^aratlonsr shall be monitored by an approved 
iE:3)graoh located at the nearest'Structure within six hundred feet 

{50C"'). All daily seismograph reports shall be maintained by the^ 
blajTLer. 

a. Confiscation: Any explosives which are illegally manufactured, sold, 
givea away, delivered, stared, used, possessed, or transported shall 
be riiject to immediate seizure by any Chief, Issuing authority, or 
peacs officer. The Sheriff shall be notified immsdiately upon any 
sucfi seizure. When a blasting permit has been revoked or has 
expired and is not laMKliately renewed, any explosives are subject 
to fssediate seizure. 

Sec, 3S.3:fi,D7 (77.307). Section 77.307 Is hereby amended by adding 
subparagraphs lb), (c) and (d) AS followt: 

(a) The cislef aay seize, take,* remove or cause to be removed at the 
expense of the rwner all explosives, airaminitlon or blasting agents off^r^d or 
exposed for sa:e, stored, possessed or transported in violation of this 
article. 

(b) Any rgrson violating or causing the violation of any of the 
provisions of ^ i s ordinance shall be guilty of a nisdemeanor and upon 
conviction sha:i be punished by a fine of not more than $1,000.00 or by 
imprisonnent T-: the County ja i l for six (6) months, or by both fine and 
ifnprisor.=ent. 
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(c) I t shall be unlawful and a v io la t ion of th is ordinance ^or i -v 
person to provide false or misleading information or cocumentatic- tc --e 
County of San Diego or any of i ts o f f icers or employees or to any" jur- - - ic t icn 
having authority during any phase of the explosives or blast ing pe^tTt'rrocess 
or blasting operations. -̂ t-my ii^nai^ *.roc£ss 

_ (d) In addition to the penalties provided In Paragraph lb) of t r - r 
section, any conditions caused or penaltted to exist I n v io lat ion n f * ^ -
provisions of this ordinance or in v io la t ion of the condit ions of -n ""^ 
.explosives or blasting permit shall be deBmed a public nuisance a - r - . ho 
abated ty the County as such or remedied In cour? in any manne^pnJic^ by 

to the 'ou^tVcodef ^ ' ' ' ' ' ' ^ ' ' ' ' -^^'^^^^^"^ ' ' ' ' ' " ^ ^ - ^ ^ " ^ ^^ ^ - - . v added 

Ft£ STRUCTURE 

^o^nJ^^ ' •^ '^ '^^ t ^ *>la5ter and inspector shall pay a fee to th* c-. - — 
being designated an approved blaster or inspector F L ; ! h a n ^ * ^ T ' ^ "**"" 
for issuance of a blasting permit to conduct Mi . ;^«« - * ^ " ^^ cnarged 
of said fees shall be det i r i lned by t S ^ S f J nn JL^E^^^^ »̂*» * " " " * 
involved in processing said permits ^^^ * " * ' ' " °^ t^« ^"^1 " ^ 

DOCUMNTS\BUSTC.0RO-sv 

APPROVED 


